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TECHNICAL MEMORANDUM X-53873 


OPTIMAL TRANSFER TRAJECTORIES FROM EARTH 
PARKING ORBIT TO VARIOUS TERMINAL CONIC 
CONSTRAINTS AND MODIFICATIONS TO THE 
ROBOT COMPUTER PROGRAM 


SUMMARY 


x 


Reference optimal (minimum fuel consumption) transfer trajectories 
were computed by the minimum Hamiltonian-steepest ascent method for 
departure from a circular parking orbit about the earth to various terminal 
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Terminal conditions were a circular orbit at synchronous altitude, 

35 862 km, an elliptical orbit with apogee at synchronous altitude (in-and-out- 
of-parking-orbit-plane) , and an injection burn into a typical 1973 Mars mission 
hyperbolic orbit. The vehicles used to perform these transfers were the S-IVB 
stage and the Command Service Module. Also included is a typical ascent 
trajectory profile utilizing a two-stage Saturn IB launch vehicle. Detailed 
orbital and trajectory profile parameters are presented in tabular form. 

Modifications made to the ROBOT-Apollo and AAP Preliminary Mission 
Profile Optimization computer program are also presented. 


INTRODUCTION 


Reference optimal (minimum fuel consumption) transfer trajectories 
were computed for the transfer of an S-IVB stage and a Command Service 
Module (CSM) from a 185.2-km altitude, 3 7 -deg inclined, circular parking 
orbit about the earth to various terminal conic constraints. The selection of 
the terminal constraints was based on the criteria of obtaining a reference 
cross-section of optimally performed orbital operations. The optimization 
method employed was the minimum Hamiltonian-steepest ascent method as 
described in Reference 1. 



The terminal conic constraints were defined as (V, y, r) , ( V,y, r, i) , 
( 03 , 0 !), (C 3 , C t , i), and (C 3 , a.fi) 1 . A physical interpretation of these 
constraints is presented in Figure 1. As shown in this figure the quantities V, 
y and r are used to specify a circular orbit, whereas the quantities C 3 and Cj 
are used to specify the shape of an elliptical orbit. This distinction was made 
to facilitate the calculation of the transfer trajectories by the computer program 
employed. The terminal condition for the constraint (V, y, r) was an in-parking- 
orbit-plane circular orbit at synchronous altitude, 35 862 km. The terminal 
condition for the constraint (V, y, r, i) was an out-of-parking-orbit-plane 
circular orbit at synchronous altitude with inclination equal to 50 deg. The 
terminal conditions for the constraints (C 3 ,Cj) and (C 3 , C t , i) corresponded to 
an elliptical orbit with perigee radius equal to r„ (earth radius) + 210 km 

XL 

and apogee radius equal to r„ + 35 862 km. The constraint (C 3 , Cj) corre- 

hi 

sponded to an orbital inclination of 37 deg while the constraint (C 3 , Cj,i) 
corresponded to an inclination of 50 deg. 

The terminal constraint (C 3 , a, 6) corresponded to the terminal 
conditions on a hyperbolic orbit for a typical 1973 Mars mission. For this 
constraint the date and time of departure were specified along with the right 
ascension and declination of the outgoing hyperbolic asymptote as measured in 
an inertial ephermeris coordinate system. The optimization method and 
computer program employed, as described in Reference 1, were referenced 
to an inertial plumbline coordinate system. Thus, this terminal constraint 
necessitated a coordinate transformation to an inertial ephemeris system in 
the computer program and modification of the input variables. Also, additional 
orbital parameters were computed, a new output format was designed, and a 
summary print table option incorporated. All modifications made to the 
computer program are documented in the appendices. 

The detailed ascent trajectory profile presented is for a two-stage 
Saturn IB launched from Cape Kennedy at an azimuth of 115 deg. The S-IB and 
S-IVB stages are fueled to capacity and burned to depletion. The CSM 
propulsion system is then ignited and burned until injected into a 185.2-km 
altitude, 37-deg inclined, circular parking orbit. At this point of parking 
orbit injection, an initial state vector was obtained which was used as a 
departure point to the various terminal constraints. 


1. Symbols are defined in Appendices A and B. 
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COMPUTER PROGRAM MODIFICATIONS 


Various modifications were made to the computer program [Ref. 1] 
which was used to compute the optimal transfer trajectories. These changes 
which were made in the program to make it more compatible for orbital 
operations computations, consisted of the design of a new output format and 
labeling code, coordinate system transformation, input variable alteration, 
and the computation and output of additional orbital parameters. 

Appendix A gives a description and example of the output format for 
each print time interval, a definition of the output symbols, and a description 
of the optional summary print tables incorporated and the variables which must 
be specified for them. Appendix B gives the equations necessary for the 
transformation from the inertial plumbline (Fig. 2) to the inertial ephemeris 
coordinate system (Fig. 3) and equations defining the various orbital parameters 
included in the output format which were not previously computed in the 
program. The orbital geometry and notation are also shown in Figure 3. 

Appendix C contains a description of the additional input variables 
necessary and listings of the input data required for computation of the transfer 
trajectories presented. Appendix D contains a UNIVAC 1108 FORTRAN listing 
of the subroutine titled APRTN which was modified to perform the coordinate 
system transformation and the computation of the various additional orbital 
parameters. The output of these parameters and quantities computed in the 
original program, in the new output format, is also accomplished by this 
subroutine. The subroutine, entitled TRASH, encompasses the optional 
summary print tables. A UNIVAC 1108 FORTRAN listing of the TRASH 
subroutine is presented in Appendix E. 

TYPICAL ASCENT TRAJECTORY PROFILES 


A typical three-stage Saturn V ascent trajectory and circular orbit in- 
jection profile is presented in Figure 4. As shown, trajectory arc 1 corresponds 
to the S-IC stage burn; arc 2 to the S-II stage burn; arc 3 to the first S-IVB 
stage burn to a 185. 2 -km parking orbit altitude; arc 4 to the parking orbit 
coast; arc 5 to the second S-IVB stage burn at perigee of the Hohmann transfer 
ellipse; arc 6 to the transfer coast; and arc 7 to the third S-IVB stage bum at 
apogee of the transfer ellipse. Detailed tabulations of Saturn V ascent tra- 
jectories for various launch azimuths can be found in Reference 2. 
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Figure 2. Inertial Cartesian plumbline coordinate system. 

A typical two-stage Saturn IB ascent trajectory and elliptical target 
orbit injection profile is presented in Figure 5. As shown, trajectory arc 1 
corresponds to the S-IB stage bum; arc 2 to the S-IVB stage bum; arc 3 to 
the first Command Service Module burn to a 185.2-km parking orbit injection; 
arc 4 to the parking orbit coast; and arc 5 to the second CSM bum to injection. 

A typical Saturn IB ascent trajectory profile for a launch azimuth of 115 deg 
is presented in Table 1. A detailed tabulation of this trajectory is presented in 
Table 2. The last entries in this table give the position and velocity of the 
CSM at parking orbit injection. These values of position and velocity were used 
as the initial "state" for transfer to the various terminal conic constraints. 
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a s Argument of Perigee 

0 = Right Ascension of Ascending Node 

1 ■ Orbit Inclination 
v = True Anomaly 

v s Flight Path Angle (Measured from 


N =Node Vector 
F = Perigee Vector 
IF = Radius Vector 
V = Velocity Vector 
local Vertical) 


Figure 3. Geocentric ephemeris coordinate system and orbital geometry 

and notation. 





OPTIMAL TRANSFER TO SYNCHRONOUS ALTITUDE 
CIRCULAR ORBITS 


The optimal 2 transfer from the initial state in the parking orbit to the 
in-parking -orioit-plane synchronous altitude circular orbit corresponding to 
the terminal conic constraint (V,y, r) (V = 3.072 km/ sec, y = 0 deg, 
r = 42 240 km) required no coast in the parking orbit from the injection point. 
This condition resulted from the fact that any point in the parking orbit was an 
optimum departure point for this in-plane target orbit case. Therefore, the 
S-IVB burn at perigee of the transfer ellipse was specified to occur immediately 
after parking orbit injection. The optimum burn and transfer time computed 
is shown in the timing analysis of Table 3. The remaining vehicle mass after 
satisfaction of the terminal constraint was 50 156. 3 kg as compared to an 
initial vehicle mass of 128 986.8 kg. A detailed tabulation of this trajectory 
is presented in Table 4. 


The optimal transfer to the out-of-parking-orbil-plane terminal conic 
constraint (V, y, r, i) (V = 3.072 km/sec, y = 0 deg, r = 42 240 km, i = 50 deg) 
required a plane change of approximately 13 deg. For a minimum velocity 
impulse to perform this plane change, the perigee point of the transfer ellipse 
is located at one of the nodal points of the parking orbit where only a portion of 
the total plane change is performed. Therefore, this transfer required a coast 
in the parking orbit of 268.4 sec. 

The parking orbit injection point was located at a latitude (geocentric 
latitude) of 15. 8 deg and a longitude of -55.6 deg. The perigee bum of 
263.8 sec duration began at a latitude and longitude of 5. 19 deg and -41.6 deg, 
respectively, and ended at a latitude and longitude of -7. 18 deg and -26.44 deg, 
respectively. Thus, the midpoint of the perigee bum occurred approximately 
at the equator, adding enough velocity increment to perform a plane change 
maneuver of 1. 16 deg (Aij) and modify the S-IVB orbit to that of an ellipse with 
apogee radius equal to 42 240 km (Hohmann transfer ellipse) . The transfer 
time along this conic was 5.240 hr. With the plane change of 1. 16 deg performed 
at perigee, the plane change required at apogee (Ai 2 ) was 11.9 deg. These 
amounts were computed to be the optimum perigee/ apogee plane change ratio . 

The length of the apogee bum was 101. 2 sec. A complete timing analysis for 


2. "Optimal" in the following discussion will refer to minimum fuel 
consumption. 
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this transfer is presented in Table 5. The velocity vector diagrams for both 
the perigee and apogee burns are shown in Figure 6. A detailed transfer 
trajectory tabulation is presented in Table 6. 




OPTIMAL TRANSFER TO ELLIPTICAL ORBITS WITH 
APOGEE AT SYNCHRONOUS ALTITUDE 


The terminal conic constraint ( C 3 , Cj) (C 3 -16. 33 km 2 /sec 2 , 

Cj - 67.40 km 2 / sec) specified an in-parking-orbit -plane elliptical orbit with 
perigee altitude equal to 210 km and apogee altitude equal to 35 862 km. A 
typical elliptical orbit injection profile was shown in Figure 4. Again, because 
of the in-plane target orbit, no particular point in the parking orbit was an 
optimum point of departure, and thus the parking orbit injection point was 
chosen as the departure point. A single bum of the S-IVB stage was required 
to optimally satisfy the terminal constraint giving an injected mass of 
71 361.9 kg as tabulated in the timing analysis of this transfer given in Table 7. 
Presented in Table 8 is a tabulation of this transfer trajectory. 

The analogous out-of-plane terminal conic constraint to the above was 
(C 3 , Cj, i) (C 3 = -16. 33 km 2 / sec 2 , Cj = 67. 40 km 2 / sec, i = 50 deg) . The 
optimum coast time in parking orbit was computed to be 216.9 sec, 
corresponding to a position of 7.26 deg latitude and -44.2 deg longitude, as 
shown in the timing analysis of Table 9. At this position the single S-IVB 
stage burn of 316. 7 sec duration commenced. The bum ended at the position 
of -7. 14 deg latitude and -29.6 deg longitude, after the energy and momentum 
constraints were satisfied and the plane change of approximately 13 deg was 
performed. A final mass of 59 771. 5 kg remained at injection. The tabulation 
of this transfer maneuver is presented in Table 10. 


OPTIMAL TRANSFER TO 1973 MARS MISS ION 
HYPERBOLIC ORBIT 


The terminal conditions for the injection burn into a typical 1973 
Mars mission trajectory were on a specified hyperbolic orbit. The necessary 
terminal conic constraint consisted of an energy level, C 3 , right ascension, 
ct, and declination, 6, of the outgoing hyperbolic asymptote (C 3 =+18.0 
km 2 /sec 2 , a ~ 15.55 deg, 6 - 31.59 deg) along with a specified launch date 
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APOGEE INJECTION VELOCITY DIAGRAM 



Ai 2 = 11.90 deg 
V a = 1.593 km/ sec 

V c = 3.072 km/ sec 
AV 2 s 1.479 km/ sec 


PERIGEE INJECTION VELOCITY DIAGRAM 



Ai| = 1.160 deg 
Vp s 10.25 km/sec 
V c = 7.793 km/sec 
AV, =2.464 km/sec 

Figure 6. Circular target orbit velocity increment diagram. 


li 


(August 6, 1973) and time (14 hr, 38 min, 15.85 sec Greenwich Mean Time) . 
The hyperbolic injection geometry is illustrated in Figure 7. The right 
ascension and declination of the outgoing asymptote were referenced to an 
inertial, geocentric ephemeris coordinate system (Fig. 2) while the equations 
of motion in the computer program of Reference 1 were referenced to an 
inertial plumbline coordinate system. Thus a coordinate transformation was 
performed. The mechanics of this transformation are given in Appendix B. 
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Figure 7. Hyperbolic injection geometry. 

As tabulated in the timing analysis of Table 11 the optimum parking 
orbit coast time computed for the transfer was 1587.6 sec, which positioned 
the spacecraft at -36.3 deg latitude and 39. 1 deg longitude. From this position 
a burn of 455. 1-sec duration of the CSM propulsion system was required to 
insert the vehicle into the specified hyperbolic orbit. The vehicle mass 
injected into this orbit was 4817. 3 kg compared with an initial vehicle mass of 
18 029.7 kg. A detailed trajectory tabulation is presented in Table 12. 
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CONCLUSIONS 


The transfer trajectories presented above provide somewhat of a 
reference cross-section of optimally performed orbital operations. Profiles 
and detailed trajectories were presented for the optimal transfer of (a) an 
S-IVB stage vehicle from a parking orbit about the earth to circular orbits 
at synchronous altitude and elliptical orbits with apogee at synchronous altitude 
(in-and-out-of-parking-orbit-plane) , (b) a Command Service Module from 
an earth parking orbit to a typical 1973 Mars mission hyperbolic orbit. The 
parking orbit about the earth was a 100 -nautical-mile, 37 -deg-inc lined circular 
orbit. An example of the utilization of these type transfer trajectories might 
be in the support of high-energy missions by the ILRV (Integral Launch and 
Reentry Vehicle) . For instance, some of these proposed missions could 
involve the delivery of propulsive stages and payloads into low earth orbit for 
subsequent transfer to synchronous orbit. 

The input data listings presented should serve as examples for similar 
runs to be made on the ROBOT computer program. Also, the vehicle roll and 
pitch programs tabulated in the trajectory tables should be of future use as 
initial estimates for similar runs. The modifications made to the ROBOT 
computer program (ephemeris coordinate system transformation, computation 
of additional orbital parameters, new output format, and inclusion of optional, 
publishable, summary print tables) make it much more compatible for orbital 
operations computations. 
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TABLE i. SATURN IB ASCENT TRAJECTORY PROFILE FOR A 115-DEGREE 

LAUNCH AZIMUTH 



( 185. 2 -km altitude circular orbit) . 




TABLE 2. SATURN IB ASCENT TRAJECTORY FOR A 115 -DEGREE LAUNCH AZIMUTH 


» 


* 



1 
































O CM 

o 

CM 

rg cd 

in in 

4 

4 

14 at 

4 

Pi 

IN* 

LT 

W' 

UJ 

r- 

U l 

«' » 

g-4 

U l 

gj 

UJ 

U' 

IM 

pi 

IM 

U 1 


uj uu 

< 

o 

O cm 

ft 

ro 

in in 

43 O' 

O' 

UJ 

ro 

4 

43 Ul 

r- 

CM 

r- 

n- 

U3 

eg 

U 3 

143 

UJ 

ft 


gj 

4 

r^> 

4J 

ft 

CJ 

Ol 

UJ UJ 

K 

UJ 

c 

CO 

CO 

n- 

<m 4 

so O' 

4 

ft 

to a 

U\ 

cj 

Ul 

ft 

ft 

f 

03 

tn 

rg 

UJ 

O' 

03 

UJ 


U 3 

4j 

go 4 

CJ 

r» 

U 3 Ul 

LU 

o 

• 

• 

• 

• 

• • 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• • 

X 


o O' 

O' 

® 

sO ro 

o p- 

in 

ro 

ro 

ft 

P- 4 

O O 

r- 


in 

S3 

ro o 

r- 

in 

CM 

o 

ao 

43 

4 ro 

2 

0 

Q O 



O' 

00 

CO 

CO 

0 00 

co r- 

n- 

r- 



4J 

4 ; 

4J 

4J 

in 

U3 

U 3 


u\ 

in 

4 

4 

4 

4 

03 

Ol 

03 

03 

03 

Ol 

03 m 

to 


o m 

4- 

H 

4 cm 

ft o 

O' 

CM 

in 4 

ft 

m 

o 

ft 

CJ 

C3 

r- 


UJ 

03 

O CM 

ro 

Ol 

O' 

4J 

ft 

rg 

O' 

ro 

m 



O 0 

o 

ft 

<M 4) 

O' 4) 

ft 

^4 

r- rg 

in 

uu 

UJ 

m 

ft 

•H 

>r 

LJ 

ft 

UJ 

UJ 

ni 

r* 

n » 

Ol 

ft 

UJ 

Ul 

03 

Ul 


< 

o 

O <M 

00 

in 

ro ro 

ft o 

00 4 

in 

ao 

4 4 

ft 

CM 

43 

N U 

0- 

aj 

UJ 


in 

rg 

r- 

CM 

4J 

o 

03 

r- 

ft 

in 


K 

UJ 

• 

• 

• 

• 

• • 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 


UJ 

o 

0 

2 

4’ 


O ro 

4) O' 


4 

4 

4J 

tu 

o' 

CJ 

<-> 

O 

i-» 

<-> 

o 

CJ 

gj 

gj 

gj 

O' 

U' 

UJ 

aj 

r* 

4J 

4J 

U 3 


£ 






•H f-4 

ft ft 

CM 

rg 

cm rg 

CM 

CM 

Ol 

03 

03 

03 

03 

03 

03 

03 

Ol 

03 

CM 

IM 

ig 

CM 

CM 

IM 

CM 

CM 

CM CM 



o 

43 

4 

ro 

ro ft 

CO 4 

O' 

4 

4 

ft 

r- 

CM 


p- 

LT 



gj 

IV 

vU 

gj 

0U 

U 1 

U' 

Ol 


l_> 

IV 

O' 


O' O' 

> 

o 

o 4 

to 

O' 

CO CO 

p- in 

4 O- 

ro O 

ft 

in 

CO 

ro 

C3 

CJ 

CM 

o 

4 

CJ 

ro 

CM 

CM 

r- 

O' 

O' 

CM 

ft 

ft 

O' 

r* r* 


UJ 

O in 

p* 

ro 

in rg 

4) O' 

O' 

CM 

CM 

O 

4 

4 

CM 

4J 

03 

Ol 

03 

U3 

aj 

*j 

O' 

UJ 

IV 

O' 

gj 

O' 

ft 

CM 

UJ 

in 

03 03 

ft 

to 

• 

• 

• 

• 

• * 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

o 

X. 

o 

m 

co 

P- 

r- n 

og N- 

CM 

cn 

4) 

n 

ro 

in 

4 

4J 

in 

U 3 

g> 

F— 1 

a) 

m 

N 

gj 

UJ 

in 

Ul 

4J 

4 

W' 

in 

0 

^ F^ 

Ga 

h- 


in 


K 

4 cm 

ft o 

ft 

rg 

m 

in 

O' 

Ol 

O' 

ft 

r— 

r- 

CD 

UJ 

IM 

H 

r~ 

4J 

n- 

CM 

gj 

ft 

0 

4 


4 

cm rg 

t -J 

u» 



ft 

ft 

cm ro 

4 in 

4) 

p- 

r- 

03 

O' 

<-t 

CM 

m 

4 

4 

in 

43 

r~ 

O' 

<-t 

4 


ft 

in 

O' 

ro 

0 

ro 

O 

o o 

1 LU 

! > 













-t 

ft 

ft 

ft 

fH 

«-t 

ft 


ft 

CM 

CM 

CM 

m 

ro 

rO 

4 

4 

in 

»n 

0 0 

i UJ 

j > 


o 

ft 

p» 

O' 

ro O 

4 4 

P- 

4) 

4 

4 

4 

43 

r- 

rt 

4 

4 

ro 

ft 


r- 

O' 

O 

ro 

O' 

in 

O' 

4 

gj 

o 

o 

43 0 


o 

o 

CM 

0 

43 

,s 0 in 

uo eg 

CM 

P* 

C 

O 

O' 

CO 

O' 

ft 

r- 

n- 


CM 

43 

vL- 

gj 

4J 

O 

gr 

CM 

O' 

UJ 

4 

in 

ro 

ft ft 

<■ 

UJ 

o 

ro 

co 

o 

4 4 

h- a0 

CD 

O' 

4 

43 

P- 

O 

4 

ro 

43 

43 

tn 

in 

O' 

CM 

03 

o 

no 

r» 

ro 

CO 

ft 

CJ 

in 

ft 

oi ro 

-j 

to 

• 

• 

• 

• 

• • 

• • 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

UJ 


o 

0 

4 

4 

n O' 

in 4 

0 


4 

O 

CM 

43 

4 

ft 

O' 

O' 

ro 

CM 

43 

fO 

rg 

o 

43 

CM 

CD 

ro 

CJ 

aj 

0 

03 

Ul Ul 

o' 



•-t 

ro 

in 

r- O' 

<n in 

co 

CM 

CM 

4) 

O 

4 

O' 

o 

4 

4 

ao 

ft 

CM 

ao 

43 

in 

4 

in 

43 

O' 

ro 

r- 

03 

ft 

ro ro 








H H 

ft 

CM 

CM 

CM 

tO 

ro 

CO 

4 

4 

4 

4 

in 

in 

in 

0 

r- 

0 

O' 

O 

ft 

ro 

4 

43 

0 

© 0 
































ft 

^ fH 



no 

rO 

rO 

O' 

00 o 

Of o 

O' 

0 

43 

r0 

CM 

cm 

CO 

ro 

03 

130 

43 

4 

4 

4 

00 

(M 

m 

F-l 

o 

o- 

0 

O' 

h- 

ft 

o 9 

i 


tn 

CO 

ft 

4 

ro O' 

O rO 

0- 

co 

n- 

CM 

ro 

O' 


CM 

CM 

CM 

CM 

CO 

O 

CM 

0 

ao 

CM 

43 

0 

0' 

in 

GO 

o 

0 

4 5 

1 V 

o 


p- 

ro 


in O' 

« • 

4 4 

in 

P- 

'M 

o 

rO 

4 

O 

H 

4) 

T> 

CD 

D 

ft 


O 

ao 

r- 

fM 

M 

ro 

n- 

ft 

<M 

0 

ro rO 

! h- 

UJ 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

1 

V) 

H 

cm 

4) 


00 CM 

O 

4> 

43 

ro 

CM 

t - 4 

rg 

43 

4 

4 

CM 

03 

4 

O' 

CO 

4 

in 

4J 

r- 

O 


CM 

O- 


ft ft 

o 


4 

4 

4 

in 

0- ft 

0 CM 

O' 

CO 

O' 

O' 

CM P- 

4 

43 

ro 

m 

in 

in 

O 

O' 

r- 

r- 

o 

43 

m 

CD 

03 

ro 

43 

4 

CM CM 

CS> 

L- 

03 

ro 

rO 

ro 

ro 4 

4 IT. 

in 

<0 

43 


O' O 

CM 

CM 

4 

4 

in 

43 

h- 

CD 

ft 

4 

00 

ft 

in 

O' 

4 

O' 

4 

O 

H 

-j 

UJ 

> 

LL 

ft 

<~t 

— t 


ft ft 

ft ft 

-t 


ft 

*-t 

ft rg 

rg 

CM 

CM 

rg 

CM 

<M 

rg 

rg 

rO 

'■O 

o 

r 

4 

4 

in 

in 

4) 

r*- 

P- 

-J 

< 


ob 

O 

4) 

r-* 

0 O' 

CM CM 

p- 

CM 

rH 

ao 

ft 

tn 

co 

4 

43 

43 

CM 

4 

ft 

43 

r- 

4 

4 

43 

cr 

: 

in 

O' 

ft 

ro 

ro 

in in 

.tot 


0 

CO 

in 

ro 

r- 

(O fO 

ro 

ro 

ft 

O 

in o 


ft 

ro 

ro 

O 

O 

ft 

ro 

in 

4 

El 

n- 

in 

CM 

CM 

03 

CM 

ro 

0 0 

V- 

to ■ 

O' 

CM 

ro 

in 

ft 0 

rt r- 

43 

ft 


CM 

4 ro 

4 

h- 

ft 

ft 

ft 

O' 

CM 

ao 

»-t 

F^ 

O' 

ao 

o 

O 

4 

ft 

rg 

ft 

*n c n 

on 

UJ 

• 

• 

• 

• 

• • 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

UJ 

to 

on 

O' 

o 

ro 

o o 

in *o 

43 

4 

43 

43 

P* <M 

*o 

O 

CM 

CM 

ao 

oo 

4 ro 

fw 

O' 

O' 

O' 

O' 

0 

r* 

0 

^t 

0 

o o 

T 

x* 

o 

o 


ft 

r\j ro 

4 43 

an 

ft 


4 

ao ro 

CD 

O' 

4 

4 

r- 

o 

CM 

ao 

43 

in 

in 

4) 

ao 

ft 

in 

o 

K 4 

h- 


x 

4- 

4 

4 

4 

4 4 

4 4 

4 

tn 

in 

in 

in 

43 

4J 

4j 

r- 

r- 

r» 

•1) 

ao 

UJ 

cr 

c» 

ft 

IM 

rrs 

tni 

4J 

UJ 

O' 


ft ft 
























ft 

ft 

H 

ft 

ft' 

ft 

ft 


CM 

CM CM 



O 

o 

Q 

O 

O O 

O O 

O 

O 

00 

a 

O o 

O 

4 

O 

O 

U) 

o 

I s - O 

O 

o 

o 

o 

o o 

CJ 

O 

o 

O 

0 0 



O 

o 

© 

O 

o o 

O O 

o 

O 

CM 

o 

© O 

O 

in 

O 

o 

43 

O 

O 

O 

o 

o 

o 

o 

o o 

o 

o 

o 

O 

o o 

UJ 

o 

o 

o 

O 

O 

o o 

o o 

o 

O 

rO 

o 

o o 

O 

43 

o 

o 

h- 

o 

O 

o 

o 

o 

o 

o 

o o 

o 

o 

O Q 

0 0 

X 

UJ 

• 

• 

• 

• 

• • 

« • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

.tot 

to 

0 

5 

o 

n 

o m 

o n 

o 

in 

in 

o 

in o 

in 

in 

o 

o 

CM 

m 

O 

o 

n 

o 

•n 

o 

tn 

O 

in 

o 

in 

o 

o o 

L- 




ft 

ft 

cm cm 

ro ro 

4 

4 

4 

n 

m 

43 

43 

43 

r- 

r- 


r- 


JU 

ao 

O' 

co 

o 

o 

ft 

ft 

CM 

(M 

ro 

0 ro 




























- 

ft 

t 


ft 

ft ft 

: 

















ft 

X 














U. 

LL > 

i 


LL 
















13 














PS < 



u. 













• 


h- 

X 


• 












p- o 



■m 













00 


X 

Nt 


to 












3 LU 



l 













X 



X 


X 












O Q 

1 


►- 













XL 


0- 

< 


* 













, 


LL 
















X 














CD CJ 



tot 













O 


a c 



4 












z z 



-4 













ft 


a 

O 


ft 












Mi LU 


15 








1 


•8 


a 

o 

O 


Cd 

W 

A 

9 

H 


* 



«-* IM 

IM 

IM 

UI 

SI 

M 

\j' 


w 

r- 

pi 

UJ 


UJ 

U 1 

U 1 

pi 

V' 

UJ 

O' 

UJ 

vT 

SI 

MJ 

i'- 

U 1 

O' 

U 1 NT 


(JJ 

uu 

UJ UJ 

UJ 

aj 

VJ 

r— 

ft l SI 

U’ 

Lt 1 

uj 

UJ 

r- 

PI 

UJ LU 

U' 

SJ 

LU 

•—t 

UJ 

IM 

IM 

UJ 

LU 

l'* 

O' 

MJ 

UJ 


U \ LU 


LU 

a> 

uj a \ 

UI 

u \ 

U 1 

SJ 

uj o 

CM 

MJ 

LU 

u\ 


UJ 

ui sr 

IM 

IM 

PI 

>T 

ui 

CU 


>X 


IM 

ao 

sr 

LU 


MT IM 

lU 

I 

Q 

cr 

O' 00 

CO 

ao 

CD 

SJ 

sf PI 

M 

O' 

aj 

M3 

in 

m 

CM r-4 

O 

O' 

CJ 


UJ 

in 

n 

>r 

m 

m 

PM 

PM 

PM 

rH 

rH ft 

1— 


(\j 

IM IM 

INI 

»M 


IM 

IM >U 

IM 


»-4 

*"* 

-4 

r-t 

r-4 r-4 

—4 

















cr 

O' V 

4* 

4" 

aj 

rH 

pi cr 

n » 

4J 

UJ 

ft 

UI 

CO 

cm >r 

UI 

CM 

UI 

CM 


rH 

r-4 

au 

rH 

O' 

LU 

CM 


U 1 

PI UJ 



cr 

LT >J- 

sr 

'T 

i'* 

cr 

UJ IM 

IM 

U' 


CJ 

NT 

>r 

r-4 P| 

rf 

UI 

nT 

O' 

O' 

SJ 

>r 

uu 

UJ 


LU 

CM 

UJ 

UJ 

IM O' 

<t 

O 

O' 

cr aj 

CO 

CO 

r» 

CM 

r- m 

cr 

U\ 

PI 

> — 4 

O' 

CO 

UJ UJ 

O' 

LU 

PM 

sr 

r- 

r-4 

in 

cr 

4- 

LU 

MU 

PM 

co 

UI 

m cu 

»- 

LU 

• 

• • 

• 

• 

• 

• 

• 9 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

« 

« 

• 

• 

• 

• 

• • 

LU 

u 

>r 

n 

pi 

PI 

m 

IM 

o cr 

r- 

SJ 

UI 

M- 

CM 

ft 

LJ O' 

UJ 

UJ 

r- 

MJ 

UI 

UI 

4- 

pi 

pi 

PI 

CM 

CM 

r— 4 

ft 

H *— 4 

X 


C\J 

CM *M 

CM 

CM 

CM 

CM 

CM ft 


r-4 

•—4 

»-4 

«-4 

r-4 

r4 


















M3 

vU Ul 

UI 

ST 

I'* 

^J 

uj O 

r- 

i— » 

UI 

CM 

U' 

'U 


U 1 

pi 


U 1 

IM 

UJ 

UJ 

p< 

LU 

I'* 

PI 

PI 

UJ 

MJ 

n- u i 

> 

o 

mj 

O — • 

.■H 


r-4 

MJ 

r- -u 

UJ 

PI 

UJ 

PJ 

sr 

r-4 

CM CO 

r* 

UJ 

4- 

"T 

LU 

IU 

l\» 

cr 

rH 

MU 

—4 

MJ 

LU 

rH 

sr ui 

p- 

UJ 

CM 

tM 'T 

M* 

'O’ 

m 

cr 

UI LT 

r~ 

CJ 

sr 

LT 

IM 

PI 

LU CM 

LU 

PI 

CM 

r- 

LU 

ft 

UI 

IM 

UJ 

sr 

1"- 

LU 

f-H 

UI 

cu ui 


oO 

• 

• • 

* 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

* 

• • 

• 

# 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

lu 


r4 

r-4 U \ 

Ul 

Ml 

>T 

<r 

IM CM 

U 1 

r—H 

u 

r- 

cr 

(M 

1 — PI 

^-*4 

cu 

H 

i 

*u 

sr 

(M 

PI 

MJ 

pi 

CM 

ao 

r- 

f— 4 

im cr 

ts 

h~ 

ao 

au O' 

cr 

O' 

cr 

□u 

O' — * 

ST 

O' 

M* 

f* 

O' 

O' 

O' -4 

sr 

UJ 

pi 

cr 

4J 

UI 

UI 

MU 

ao 

<M 

r- 

pi 

r-4 

rH 

CM >T 

-J 

CL 

rH 

^ O 

o 

o 

O 


CM M* 

n 

sO 

GO 

O 

M 

m 

in co 

o 

PJ 

n 

r- 

O 

m 

<3 

cr 

PM 

O 

cr 

m 

P- 

■—4 

in cr 

LU 


sO 

>0 s0 

M) 

v0 

vO 

sO 

n0 v0 

v0 

n 

s£5 

h- 

r- 

r- 

r- r- 

CO 

fD 

co 

ao 

O' 

cr 

cr 

O' 

o 

o 

O H 

ft 

PM 

PM PM 

> 
























rH 

r-4 



rH 

<H 

rH rH 

LU 

> 


o 

O <NJ 

CM 

CM 

UJ 

a) 

cu u\ 

O 

MJ 

CM 

P1 

—4 

CO 

(M o 

CJ 

r-4 

4~ 

4- 

r- 

r- 


PM 

LU 

m 

au 

m 

m 

LU 

lu -r 


CJ 

in 

in a; 

-a 

CO 

nT 

r~ 

r- in 

tr. 

CM 

—4 

sj 

m 


r- cr 

PM 

Mj 

CM 

Pi 

i j 

1 1 

O' 

rH 


p> 

u > 

4- 

r~ 

O' 

<NJ CM 

< 

UJ 

O 

O au 

CO 

00 

in 


O' MJ 

^4 

>T 

LT 

O 

m 

•*4 

m sj- 

O' 

cu 

m 

m 

O' 

rH 

CJ 

CD 

sr 

o 

r- 

CU 

m 

in 

r- o 

-J 

on 

• 

• • 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

LU 

\ 

4* 

sr r- 

r- 


r- 

in 

r- >r 

in 

O' 

r- 

O' 


m 

LTV r-4 

CU 

m 

LU 

o 

m 

f-H 

PM 

MJ 

UI 

au 

4* 

in 

ft 

rH 

MJ P- 

qC 

X 

GO 

co m 

in 

n 

u> 

CD 

-4 in 

cr 

Pl 

au 

m 

cr 

in 

r-4 UJ 

in 

PM 

CU 

aj 

MJ 

L> 1 

4- 

PI 

m 

m 

4" 

in 

r~ 

O' 

rH sJ- 



CO 

oo ao 

ao 

CD 

00 

CO 

tr cr 

cr 

o 

a 

^4 

r-4 

PM 

cn m 

4* 

in 

o 

MJ 

P- 

UJ 

O' 

O 

rH 

M 

m 

4" 

n 

M3 

co cr 



ft 

—t r-4 


•— » 


ft 

ft ft 

<-4 

«M 

CM 

CM 

CM 

CM 

CM i M 

IM 

CM 

<M 

IM 

IM 

CM 

IM 

PI 

PI 

PI 

pi 

pi 

pi 

PI 

pi pi 



ft 

ft i n 

in 

n 

■4- 

CM 

ft PM 


r- 

ft 

si- 

O' 

cr 

m r4 

r-4 

4- 

03 

iM 

r\J 

m 

m 

r- 

n 

OO 

JO 

o 

r- 

O' 

Imu p- 



o 

o m 

m 

n 

r- 


r- o 

•J- 

o 

O' 

CM 

4- 

CM 

n 4- : 

m 

o 

MD 

r- 

O 

ao 

O' 

4- 

#—4 

-4 

m 

PM 

r* 

cr 

o sr 

V 

o 

O' 

cr p- 

p- 

p- 

c^i 


h- t)I 

cr 

—4 

ft 

r-4 ' 

‘X) 

m 

n *n 

m 

o 

•n 

sr 

O 

PM 

r- 

4- 


P- 

-M 

r- 

p- 

a 

4“ P- 

H- 

Ui 

* 


• 

• 

• 

• 

* *1 

• 

• 

• 

#■ 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

« 

• 

• 

• 

• 

• 

* 

• 

• • 


5S 


mj ml 

m 

m 

m 

LT! 

CM sO| 

ft 

CO 

in 

mi 

r4 

r-4 

r-4 l\| 

4* 

p“ 

LU 

in 

r4 

cr 

n 

O 

•T 

ft 

PM 

MU 

UI 

LU 

lu r- 

LU 

nJ 

CO 

x> ^ 

rH 

pH 

»— i 

— i 

sr r-| 

PM 

r> 

"T 

PM 

r-4 

—4 

PM 4- 

P- 

r-4 

r- 

pi 

i—4 

O' 

O' 

rH 

PI 

{— 

PM 

CU 

MJ 

M3 

r- cr 

Si 

p- 

CM 

CM CM 

CM 

CM 

CM 

m 

Sf in 

r- 

CO 

C 

rj 

<r 

s0 

co o 

PM 

UV 

r- 

C 

m 

in 

OD 

PM 

in 

on 

PM 

in 

O' 

m 

P- r-4 

-1 

ll! 

P- 

p- M 

P- 

P» 

r- 

r- 

r- r»l 

n> 

p- 

■ o 

ao 

ao 

a> 

v cr 

cr 

cr 

cr 

o 

o 

cu 

o 

ft 

ft 

r-4 

PM 

iM 

CM 

m 

m sj- 

LU 

> 



















r-4 

r-4 

ft 

r-4 

ft 

f i 

ft 

rH 


ft 

ft 

ft ft 

-J 



! 





1 






i 











1 




i 


< 


p- 

r- m 

m 

<+l 

nO 

M* 

r- o' 

cr 

r- 

sr 

00 

CM 

m 

O MJ 

MJ 

pi 

o 

PM 

MJ 

PM 

PM 

4- 

ft 

o 

aj 

CM 

cr 

cu 

oo m 



4* 

<r m 

in 

m 

m 

CM 

u> o 

<t 

M- 


o 

m 

pi 

r-4 MJ 

—1 

ao 

o 

r4 

r^- 

MJ 

UI 

4- 

UI 

LU 

m 

PI 

MJ 

UI 

pi r- 

h- 

o 

c 

o M 

p- 

p- 

n 

ft 

in M" 

0 Psl 

—4 


O' 

r- 

JO r4 

JO 

P- 

r-4 

ao 

0' 

sO 

O' 

cr 

r- 

in 

m 

4* 

O' 

rH 

PM 4" 

QC 

Ui 

• 

• * 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• • 

Ui 00 

ft 

ft GO 

ao 

ao 

GO 

— H 

>D O' 

m 

ft 

CM 

o 

m 

4- 

ao n 

NO 

O 

CO 

00 

PM 

o 

—4 

MU 

LA 

o 

m 

^0 

—4 

PM 

r- p- 

'T 


CM 

cm cr 

cr 

O' 

O' 

rO 

n o 

in 

O 

n 

o 

NO PM 

co in 

PJ 

c 

r- 

n 

4* 

m 

PM 

rH 

r-4 

rH 

pm m 

in 

p- 

cr PM 

►h 

X 

CM 

CM r-* 

rH 

ft 

*— » 

CM 

IM P > 

m 

ST 

vT 


UI 

u 

su r- 

uu 

cr 

LT 

LU 

r— 4 

IM 

PI 

sr 

UI 

M.i 

r- 

au 

O' 

CU 

r-4 P | 



CM 

CM CM 

CM 

nj 

CM 

CM 

CM CM 

CM 

ra 

PM 

PM 

PM 

PM 

rsi pm 

CM 

PM 

fM 

m 

P'. 

P> 

m 

*‘i 

m 

m 

m 

PU 

m 

4- 

4* sr 




>0 <1 

M3 

>0 

H 

a 

O O 

O 

o 

O 

O 

O 

O 

o o 

O 

o 

O 

o 

o 

O 

o 

cu 

o 

CJ 

o 

O 

o 

o 

o o 



O 

o o 

o 

o 


o 

o o 

o o 

O 

o 

O 

O 

o o 

O 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o o 

o 

o 

o o 

LU 

u 

M> 

'"O r-4 

ft 

—4 

>r 

o 

o o 

CJ 

o 

o 

o 

o 

o 

O o 

O 

o 

o 

o 

cu 

LU 

o 

o 

LU 

CU 

o 

o 

o 

cu 

o o 

X 

UJ 

00 

• 

fO 

• • 

ro cr 

• 

C7* 

• 

O' 

O' 

• 

O' 

* • 

cr cr 

cr 

O' 

O' 

cr 

cr 

cr 

O' O' 

O' 

cr 

O' 

cr 

cr 

cr 

O' 

O' 

O' 

O' 

O' 

cr 

cr 

O' 

a cr 

h- 


m 

m m 

m 

PI 

m 

>r 

in so 

r~ 

au 

cr 

o 

rH 

PM 

pi sr 

UI 

vO 

N- 

CU 

O' 

LU 

r4 

PM 

PI 

<r 

UI 

MJ 

n- 

aj 

cr a 




•—4 i-4 

•—4 

•—4 

ft 

*— 4 

-4 ft 

H 

H 

H 

PM 

PM 

M 

2 

Z 

PM 

iM 

PM 

rM 

CM 

m 

m 

m 

PI 

m 

m 

m 

m 

m 

m 4 * 



>- 




a 



























< 

zr 



3 



























o 

S3 P- 

jn 


a 



























LU 

— • on 

ca 

z 




























o 

H- < 

X 

S3 





























< 51 

i— 

*— 

3 



























Z 

QC O 

< 

h- 

CO 




























< 


«—< 




























O 

a- o 

a 

Z 

a 



























UJ 

LU Z 

z 

o 

z 



























CD 

U> UJ 

UI 


UJ 


























l 




K=> 


iu 

O' 




cu 

o 

LU 


O' 

pi 

m 


o 

LT 


(M 

aj 

O 

>r 




p> 


CM 

>r 

o 

-r 


PI 

O 

4 * 


O 

o 

CU 


CT 

rH 

4 - 


« 


16 


TABLE 2. (Continued) 


J£ 

a 

U J 

1 

LJ 

IM 

O' 

r- 


U' 

I'l 

14 


X 

LJ 

UJ 

u* 

r* 

i ■** 

r- 


U| 

p » 

X 

p 1 

4 

O' 

O' 

PI 


pi 

O' 

LJ 

4 

pi 

X 



•— • 

UJ 

UU 

—• 


t'- 

LJ 

4 

4 

I'l 

4 

UJ 

Ul 

p i 

4 

4 

4 

4 

X 

i'- 

O' 

—* 

4 

l'- 

LJ 

4 

O' 

4 

O' 

4 

»— 1 

I— 1 

4 


f— 

UJ 

UJ 

X 

u I 

u \ 

4 

4 

U\ 

u \ 

u \ 

U l 

u 1 

ut 

X 

r* 

UJ 

O' 

O' 

O' 

UJ 

P- 

X 

X 

u l 

4 

4 

PI 

14 

14 


•—4 


X 

LJ 

LJ 

UJ 

LJ 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

X 


O 

o 

O 

O 

O 

O 

O 

o 

O 

O 

O 

O 

Q 

o 

O 

O 

o 

o 

O 

O 

LJ 

o 

O 

O 

o 

c 

o 

o 

o 

o 

o 

o 

o 

o 





































Ul 


*— i 

r~ 

u> 

in 

ui 

4 

14 

fM 



n 

M 

(4 

X 

14 

X 

X 

X 

Ul 

4 

I'- 

4 

4 

O' 

UJ 

1—1 



PI 

rg 

4 

rH 


ai 



in 

14 

IM 

i— 

4 

4 

I'- 

— 1 



<— * 

u \ 

— 4 

ur 

LJ 

O' 

O' 

O' 

•— i 

PI 

U 1 

UJ 

*— « 

4 

X 

PI 



X 

4 

IX 

pi 

4 

1—4 

<1 

X 

r- 

D 

•J1 

4 

4 

4 

4 

in 


Q 

m 

U1 

XI 

X 

'JJ 

a.) 

X 

X 

X 

r- 

X 

Ul 

-n 

4 

p i 

p) 




i—( 


LJ 

O 

IX 

)— 

•XI 

• 

E 

• 

• 

• 

• 

• 

• 


feS 

■ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



• 

• 

• 

• 

• 

• 

UJ 

LJ 

lx 

H 

o 

LJ 

LJ 

LJ 

O 

LJ 


B 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

LJ 

X 

LJ 

X 


LJ 

LJ 

LJ 



LJ 

u 

LJ 

LJ 

X 

X 

X 




































(— 


x 

4 

4 

X 

4 

UJ 

4 

I'l 

U l 



T 

n » 

rH 

4 


*—4 

r-H 

X 


4 


—4 

«JU 

r i 

O' 

LJ 

Ul 


X 

Ml 

4 

4 » 

111 

>■ 

IX 

X 

r- 

o 


an 

(M 

sL» 

r* 

O' 

X 

<\J 


rg 

(4 

r- 

— 1 

rH 

H 

—4 

cr 

X 

LJ 

r- 



a 

ex 

n- 

UU 

PI 

X 

Ul 

f4 

«-H 


UJ 

4 

»— 

in 

LJ 

4 

O 

X 

r*- 

INI 

ni 


— i 

14 

X 

4 

cr 

O' 

O' 

14 

4 

LJ 

X 

14 

H 



LJ 

► -4 

r- 

UJ 

»1 1 

Pi 

U' 

X* 

I— 1 

00 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 



B 

• 

• 

• 

• 

• 

• 

• 

• 

<x 

"l 

or 

<r 

LJ 

LJ 

4 

U '. 

J 1 

4 

l * 

i'' 

cr 

4 

u* 

c* 

L 


r — 4 

p-H 

?.r 


i-J 

* 1 

g 



m 



r- 

•J 1 

■ k 1 

4 

H ' 

•J 

LJ 

1— 

m 

<r 

U) 

XJ 

pi 


CsJ 

i-H 

4 

lU 

LI' 

U l 

X* 

4 

4 

cr 

U' 

cr 

co 

PI 

X 

O' 

- 4 




I'- 

14 

X 

i-H 

X 

14 

r~ 

cn 

— 1 

X 



CO 

cn 

O' 

tn 

— 1 

n 

r- 

i4 

T) 

4 

O 

r- 

4 

o* 

LT 

O' 

rH 

r 4 

'<1 

4 

-o 

r- 

j» 

3 

—4 

m 

4 

X 

r- 

O' 

o 

rg 

UJ 


rO 

4 

4 

in 

in 

x 

r- 

r- 

r^- 

ao 

'JC 

O' 

O 

o 

pH 

p-H 

H 

—4 

'"4 

rg 

rg 

4 

g 

eg 

rg 

1 

PI 

m 

4<A 

•n 

n 

•O 

4 

4 

-> 


#-H 

-H 

—I 

—♦ 

»— i 

.—4 

i—i 

--i 

— i 

H 

rH 

f-H 

ig 

i g 

(4 

eg 

(4 

14 

i'M 

‘.g 

f g 

i g 

f 4 

{ 4 

i4 

rg 

‘4 

i4 

14 

•4 

eg 

(4 

■,4 

, g 

UJ 




































> 




































i—i 


UA 

4- 

4- 

O' 


• n 

r- 

m 

f\l 

0 s 

4 

4 

O 

4 

Ul 

4 

4 

4 

r> 

p> 

pi 

pi 

X 

Cr 

rg 

^H 

C' 

4 

O' 

rg 

r- 

PA 

r- 

r- 

►— 

LJ 

X 

L 

™ - 

(4 

n , 

J\ 

v~ 

X 

4 


< — i 

4 

C 

JJ 

.L 

V i 

.* ' 

r 

u • 



o 

r~ 

• ■ 


■g 

c 

f r 

r- 

1—4 

gi- 

4 


4 

<5 

tu 

pa 

«-H 

4 

a) 


CJ 

nj 

O' 

eg 

tr 

4 

—i 

ai 

4 

Ul 

^H 

pH 

—i 

CO 

CO 

cr 

in 

Uj 

O' 

O 

r-H 

pi 

nj 

O' 

4 

U' 

in 

CM 

r- 

JJ 

l/) 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

UJ 


4 

(4 

n 

r- 

X) 

4 

o 

-O 

r- 


JJ 

^H 

<4 

4 

X 

p» 

n 

PI 

o 

r» 

if', 

n 

in 

) 

r j 

—4 

4 

u 

rg 

UJ 

4 

*-H 

O' 

r- 

cx 


rg 

T- 

* >i 

cc 

in 

% • i 

' M 

•4J 

v^- 

r- 

4 


\ V 

* M 

1*1 

LJ 

LJ 

L-' 

11 * 

l'“ 

*— i 

i- » 

O' 

p i 

i*- 

14 

X 

LJ 

U 1 

O' 

4 

O' 

Pi 

ai 



CM 

PA 

(0 

O 

•o 

o 

f\i 

(O 

4 

in 

r- 

O' 


i0 

n 

r- 

r- 

r- 

r- 

r- 

i • 

x> 

■ j 

O' 

cr 

Cj 

o 

rH 

rH 

—i 

iN 

4 

•'1 

■ ■ i 


I 

4 

4 

4* 

4* 

4 

Ul 

m 

u\ 

U l 

u\ 

u-i 

a \ 

*u 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

gg 

I'- 

r- 



i'- 

i'- 

r— 





fO 

X 

4 

XI 

o 

X 

O' 

r- 

4 

o 


i—4 

•—4 

p1 

0 

JO 

CO 


O' 

o 

f4 

rx 

0 

X 

n 

r- 

X> 



iNI 

O 

O 

O 

O' 

1 


h- 

4 

(M 

r- 

or- 

*-■. 

P 

cg 

'•r, 

O 

cn 

n 

—4 

O 

r- 

rr* j 


Ts 

O' 

n 

O 

O 

,n 

X 


rg 

. rs 

—4 

•XI 

O' 

r- 

t 

rg 


> 


o 

4 

4 

m 

A 

r^- 

.j 

o 

r 

i g 

■ g 

/\ 


o 

g 

-n 

n 

. P 

UJ 

-4 


.■A 

>- 

~g 

—4 

4 

■n 


n 

4 

U' 

r* 

« — 4 

•n 

H- 

LU 

• 

• 

• 

• 

• 

• 

• 

• 

» 

• 

• 

• 1 

• 

• 

• 


• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

■ 

• 

41 

• 

* 

• 


on 

r— 

i-4 

r*> 

X 

LJ 

r-4 

eg 

o 

n 

rg 

4 

pi 

14 

P' 

LJ 

Ul 

cn 

n 

rg 

X’ 

in 

‘Cl 

r-. 

C4 

O' 

CL' 

O 

4 


0* 

o 

4 

• — * 

<x 

o 


O 

O' 

O' 

rg 

UJ 

x> 

r~ 

o 

* o 

■n 

O 

La 

P 1 

O' 

O- 

PI 

p) 


in 

r^ 

LJ 

f' 1 

X 

C- 

PI 

r* 

eg 

X 

r— 4 

Ul 


X 

i g 

Uj 


s§ 

—i 

LT> 

O 

X 

—■4 

r- 

m 

cc 

O' 

in 

H 

r- 

rn 

cr 

'O 

rg 

C4 

rg 

<T 

4 

*0 

r- 

X 

o 

•H 

rg 

4 

tn 

r- 

CO 

o 

i—4 

m 

4 

X 


tn 

1.0 

X 

O 

r- 

r-: 


r 



■> 

t. j 

—4 

—4 

rg 

"i 

"* 1 

”1 

i < 1 

:•! 

P - 

0 


r 

r 

-r 

4 

•T 

r 

4 

m 

n 

i A 

■ i 

jj 

;> 


—1 

pH 

—4 

*— -4 





»*H 

p-H 

>NJ 

IM 

rg 

<g 

14 

14 

rg 

t'J 

rg 

*4 

r.j 

(4 

• g 

14 

rg 

(4 

<4 

i4 

rg 

CM 

14 

*4 

• M 

rg 

— i 




































< 


o 

01 

UA 

*-4 

m 

cr 

r- 

X) 

X 

eg 

a> 

rg 

cr 

o 

X 

LJ 

LJ 

o 

4 

LJ 

X 

—4 

rg 

r- 

LJ 

LA 

r- 

• 4 

u i 

PI 

r i 

PI 

O' 

f4 

— ■ 


m 

r- 

cr 

'XI 

r- 

x» 

ro 


r- 

4 

aj 

4 


Ul 

O' 

.—4 

rH 

i—4 

X 

4 

— i 

o 

O' 

cr 

<4 

X 

m 

4 

-TU 

r- 

—4 

f—4 

r- 


I— 

O 

O 

rg 

4 

r- 

X) r- 

uj 


h 

4 

r~ 

t 

r-J 

X 

O' 

rv 

rg 

n„ 

o 

r-4 

o 

X 


:P 

o 

c 

eg 

>-H 

1' 

r— 4 

PA 

eg 

<n 

-p 

CL 

UJ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

t 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

tu 

JO 

4 

eg 

o 


o 

*n 

O' 

r> 

n 

n 

r- 

O 

rg 

'Hi 

• n 

N 

g 

\l 

r»- 

o 

n 

4 

4 

'A 


o 

n 

r- 

—4 

1^- 

rA 

o 

p- 

0 

rr 

'v 

o 

in 

o 

4? 

rn 

pH 

O' 

4 

ao 

m 

rg 

•— i 

o 

c. 

»—4 

cr. 

1 *> 

cr> 

»— * 

»n 

cr 

pi 

r- 

_u 

i.n 

o 

4 

Ui 

P, 

r- 

rg 

r- 

i—4 

X 

— » 


X 

t*— 

(J' 

LJ 

■ g 

4 

in 


i'*- 

O' 

r— 1 

pi 

cn 

r~ 

U' 

LJ 

'X 

'.j 

—4 

—4 

1—4 

g 

• N.I 

1 1 

M ! 

-r 

4 

4 

Ul 

»: i 

gj 

•..» 

r- 

1"- 



4 

4 

4 

tn 

m 

in 

i V 

.n 

■n 

*n 

>o 

V.O 

4 

0 


r- 

t- 


r— 

r- 

1 - 

r- 


f- 

r 

r- 

r- 



1^ 

r- 

r - 

r~ 




c- 

O 

X> 

LJ 

LJ 

o 

O 

eg 

O 

o 

LJ 


o 

o 

o 

m 

ifl 

n 

O 

o 


gj 


( -j 


o 

o 


o 


-X 

X 


o 



o 

o 

CO 

o 

O 

o 

o 

4 

o 

o 

O 

o 

o 

o 

o 

•0 

n 

n 

O 

o 

o 

O 

CJ> 

r* 

o 

o 

o 

CJ 

o 

O 

o 

X 

o 

o 

UJ 

u 

o 

o 

O 

LJ 

LJ 

o 

a 

O 

o 

o 

o 

l J 

Q 

o 

LJ 

4 

•r 

4 

O 

U 

X 

X 

LJ 

LJ 

o 

o 

LJ 

o 

CJ 

o 


o 

o 

(X 

3 : 

UJ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

— • 

lT) 

0" 

a 

cr 

cr 

O' 

cr 

O' 

X) 

O' 

0 s 


4 

O 

o 

O' 

O 

o 

j 

o 

o 

■C- 

-0 

X 

O 

o 

gi 

X 

n 

g; 

o 

n 

X 

41 

X 

K- 


cm 

m 

4 

n 

XI 

r-~ 

X) 

LT 

cr 

CJ 

— * 

rg 

Pi 

4 


'*> 

XI 

o 

r- 

X 

O' 

LJ 

rH 

14 

pi 

4 

c\ 

X 

r- 

:o 

O' 

LJ 

i—4 

rg 



4" 

4 

<r 

4 

r 

4 

4 

4 

4 

■> 

n 

n 

■ ry 

n 

•n 


n 


n 

n 

n 


0 

J 

0 

o 

o 

n 

X 

O 

0 

r- 

r- 

r- 










X 




































— * 








LL 

:o 



























X 








LL 

rj 



























4) 








C.4 

— t 



































L- 

i— 

rg 


























1— 








3 

< 

— • 


























OO 








O 

ac 

»— 



































< 

—4 


























oc 








O 

a. 



























X 








2 : 

X 

CD 


























►- 








UJ 

u> 



















17 













TABLE 2. (Continued) 


IU o| 

X 


< o 


UJ Q| 

X 


> u| 

li. 

o 

esj 

— i 

1U 

> 

UJ 

> 


IjJ o 
5* UJ 

— A 


O \ 

o 

ca »— 

L^ 

_J U_ 

•r. 

UJ 

C\J 

> 


-J 


< 

<N 

•— 1 

o 

H- l J 

sj- 

ey' uj 

• 

uj 

r \l 

7 V 


•— S’ 

h*. 


LL 

a 


: d 
o 


o 


o 

o 

I— I 
© 
> 

13 

•— I 

■B 

§ 

© 

43 


H 

s 

o 

N 

u 

o 

X 

a 

o 

o 


© 

a 

o 

a 

T5 

© 

Vi 

s 

ca 

© 

a 

CQ 

Cti 

© 

hO 

§ 

GJ 

CL 

-L-> 

'S 

3 

© 

5 

OQ 

•H 

CO 

< 

H 

W 

a 

H 


© 

> 

© 

> 

ca 

CD 

© 

5 

5 

•a 

d 

o 

N 

V 

o 

X 

r-H 

ca 

o 

© 

a 

0 
£ 

© 

5-4 

3 

CG 

ca 

© 

a 

w 

ca 

© 

1 
I 

a 


:& 

3 

© 

5 


a 

<! 

H 

W 

K 

H 


ca 


18 


TABLE 2. (Continued) 


CJCJV-'UJl_rCJWWCJCJM UWr^vJUU'UluiH^U 

uuguuuuuuu'uur'o^Hu>r >ri^o 

CJ W CJ CJ CU CJ CJ CJ U ' MJ CJ r -1 W CJ CJ CJ CJ ’— * 


W IM Ut UI 

>T UM'J 'll U HI 'U III H O) sU <0 MJ 
r~* •— i \>J im |M t'| HI HI ^ V N N N 


ULUULUHJU'M^UUUUWL U 

II I I I I 


o cj cj cj cj cj u u u u cj ! cj u u 


UJ CJ CJ l — l'> 1>J HJ PI CJ CJ ■— * P I CJ *"■ U I *— II 

u u u (^i ^ vj- oj (\j >n ivi lt ni u u' <r 

u U U U' ^ ^ I- ^ 'O U' \f >J (M OU I NJ UU 


r- in u> r-i uu 

Uj u ui u' Ua* 


<-U UU r- HI -O ST UJ h ji ui 
PI U U' u INJ V*J uj MJ 


cj cj cj r- ui p> *-> u 1 i" 

U' U" U’ uu uu uu u; i>- r- 


u i" isj cj >4j i\j ^ u’ ir u’ 

ut nj >/ >j >r pi pi m rt rt i \i t nj <\j 


LUJ u u ^ tu 

cj cj V' r- »-< 

w u u i" nt ut 

CJ CJ cj CJ CJ CJ 


"j U' \T Utujsj-CjOCJCJCJC, CJCJCjOCJCjCJCJOCJCJOCJCJCJCJ 
,M>J U' >1 PICJCJCJCJSJvJCJCJCJCJC. ICJCJCJCJCJCJCJCJCJCJCJCJ 
t\l uj UM^ 1/ -H U U U U U U U U U U U U U U U CJ CJ CJ CJ CJ CJ CJ 

H ^ 'O >M H ULtUUWUUUU UJCJCJCJCJCJCJCJ U U U) U U U U 


rH *— » *— * *— • — * «— I CJ u' 1*" >r ST •— » MJ CJ ~ • «M i\. O CJ l" 'sT UJ I'l I' UJ ^ U PI U U PI UI ut 

'L'U'UvU'^'i’ DUtUIUtUtlT'C 'J* P ' P I > U t\J r-H -I U U' I s - uu\l U' >U I M P- (M so CP 'JJ UJ 

’i\ tn tnirt tn t\ ^ ut ^ m m u» ut ut ut ut m u) ^ >n ^ - 4 - t >t rn ,a m m (\j h u u u 

o CJ CJ CJ <— > lu C ■ CJ CJ CJ Cj UU W C- CJ CJ Cj «, C ’ CJ C l_- V- CJ C. C_ CJ CJ CJ CJ CJ CJ CJ Cj 

I I t I I * I I I I I I I I I I I I I I I I I I I » I I t I I I 1 I 


rl r-l l-l rt i-l r-( (J ^ y ^ tU >U UI IV O' vO UI UI IVJ II' UJ I'l UI >U UI l\l I — VJ' CP P" •— ' I V \J (J * U' 

cj dDO o nu -c <j <j u ' m u\ ut ut ut <r <r -sT 4 - -t ,n pn pi (\i m c O' r- ut p> *-« cp o u\ u~t 

n> pt pi Pt pi pi pi pi pi pt ni pi pi pi pi ,n Pt r*\ p> m pi pt m m pi cm im t\i f\ (\j h h h 

tu tu uu gu u -j any oj w tu uu w ui ui at ui uj jj Jjajujujajuujuju uu cu uj uu a> 'jo uj 

Od f\j C\J IM rg (NJ (NJ IM (\J f\j t\i Pd pj Pvj t\j (\i ftj no pg f\i ru Pd (\j IM rg I\i PO t\j Pvj fsj t\j f \4 rsl PsJ 


U p fl H p JJ Pj |!| ( 1 ) H ^ H a) '.:| U' IU Xi -\J T xi I s - “t t nT p U' OJ (\J u UJ PI P| 

u u H U' N U' U 'J U- ; "T UJ l>l U' tu U' I" l>- H rH U' U H JJ 4 " — ♦ CP U' l\ ^ U Ut (U lt| 

U U U U H 4 JPJtJJUt PI PI H ^ ^ U H PI M •—* P- CP U 'M Ol 'I si (M U UJ >T r-l sU P P- 


ucoouOHHNr'm^in^iScjc' a* c 

CP U' CP CP UP U' IP CP CP CP CP U' U' CP CP CP U' J' i .» 


C rj n sj- in so ® eoo'ocoo 

<J J 'J U C U U CJ CJ CJ *— • rH »— I *-H 



r-« PI 

>u -r 

Ut sU 

U t'U 

c 

r- cr 

sO O' 

o ^P 

aj h- 

u 

>r cp 

Ln 

CP vO 

U> ut 

o 

o o 

l\J 

rsi py 

<T irt 


^ Ut <u u uu CJ UI H aj *— • H I — Lit HJ CT (\J XI UJ INJ ts) UJ 'T H ^ Ut «"H OJ UJ 

D'O^tuNcovOinof'-^H O^ p <n .— » o 0'P-ir\4‘<MP , ’iC N 'O0 s mp"i 

H |S >U Ut U' >XJ P- CP 4 CP aj*— «'w LJ -sT t) OJ < Li ^ U't I s - H O M ^ u j' >t) XJ 

INI (\J <r IB X) -O N ^ O (\| 'fiCI Ut hJ |S U U ^ lit 'X) H U"t d) rtj IB U ^ IA IB 

l^r U U U XJ t^J U_J U U * r~i ■ — ( •— < ^ — < •— i .-i i\j l \l t SJ i HI HI O) vj" ux Ut Ut Ut 


• 

• • 

• — i .-i 

• • 

It) l \4 

• • 

l\J I'u 

• • 

H 1 l' | 

• • 

PI 'J* 

• • 

>J~ U l 

• • 

U I U t 

uu 

CJ P- 

UJ U.J 

CJ cu 

CU CJ 

CJ CJ 

CJ CJ 

CJ CJ 

vO 

O vU 

CJ (J 

O O 

O CJ 

CJ o 

CJ CJ 

O CJ 

I"* 

CJ o 

CJ o 

CJ O 

CJ CJ 

CJ CJ 

CJ CJ 

CJ VU 

r\i 

lit ^ 

CJ ut 

CJ ut 

CJ ut 

O ut 

o in 

CJ o 

i'- 

p- r- 

t-U uu 

CP C" 

CJ CJ 

r-H «-H 

.M \l 

f't p 1 


uo i — 

2 . X 

>c a. <i 


o ex ^ 

<"I Q CJ ^ 


19 



TABLE 2. (Continued) 


>- 

u 

cr 

cr m 


gj 

w 

gj 

gj 

g> 

gj gj 

gj 

VU 


UJ 


r- O 

O Qj 

O CJ 

gj 

gj 

tu gj 

gj 

tu 

X 

u 

>r 

nt in 

m 

gj 

gj 

gj 

gj 

<w> 

gj gj 

gj 

w 

to 


• 

• • 

• 

• 

• 

• 

• 

• 

• • 

• 

• 



o 

0 

0 

o tj 

gj 

gj 

gj 

gj 

gj gj 

gj 

VU 

Ql 

to 

go 

gj cu 

UJ 

gr 

gj 

Uu* 

U' 

P—1 

OI i— 


N4 


UJ 

O' 

cr cr 

O' 

NO 

sr m 

IVI 

U' 

sr tu 

IV 

g 

X 

a 

<JO 

00 Nj- 

NT 


r* gr 

r-» 

IVJ 

>T ui 


UJ 

u 


• 

CO 

• • 

oo n» 

• 

r* 

• 

au 

• 

OJ 

• 

r- 

• 

I'** 

• 

sU 

• • 

u\ >r 

• 

PI 

• 

IM 



fSJ 

rg rg 

rg 

nv 


m 

r»v 

P» 

p» pi 

PI 

PI 

< 













X 


o 

o o 

O O 

cj gj 

gj 

gj 

gj tu 

tu 

tu 

a- 

to 

o 

O CO 

gj 

gj 

gj 

gj 

gj 

gj 

gj gj 

tu 

gj 


IU 

o 

o o 

o 

O 

o 

gj 

gj 

gj 

gj gj 

tu 

tu 


co 

• 

• • 

• 

• 

• 

• 

• 

• 

• • 

• 

• 



o 

0 

0 

0 

0 

o 

CJ 

gj 

gj 

gj <j> 

gj 

tu 

OJ 













o 













X 


—4 

-♦ O' 

cr 

tr 

NT 

«— ♦ 

NU 

»■— 

oi g 

U' 

VJ 

H* 

o 


4 * in 

in 

in 

in 

*4 

U' 

gr 

P'1 Nt) 

UJ 

r-4 


LU 

o 

6 O' 

O' 

O' 

O' ao 

sU 

vr 

rn »-• 

O' 

aj 


Q 

• 

c 

• • 

o cr 

• 

cr 

. • 

cr 

• 

cr 

• 

tr 

• 

tr 

• 

tr 

• • 

o' tr 

• 

u> 

• 

UJ 

CSJ 


00 

00 

r- 


r~ 

r~ 

r- 

r* 

r- r«* 

r* 


-J 



i I 

i 

I 

1 

i 

i 

i 

l * 

i 

i 



o 

o m 

v\ 

u> 

IM 

gj 

r»» 

i'» 

gj ui 

r- 

>U 

Q 



>r o 

o o 

O nT 

r- 

o 

m u\ 


tr 

O O 

H 

H H 


H 

>— v O 

O' 

O' 

CO I — 

g; 

in 

H- 

UJ 

• 

• • 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

*— » 

a 

00 

co ao 

05 CO 

oo 

00 

r- 

r~ 

n- r- 

p- 




fsi 

rg rg 

pg rg 

rg 

rg 

rg 

rg 

rg rg 

rg 

rg 

< 













-J 















m 

n in 

n 

in 


sO 

«4 

m 

n m 

g rg 



O' 

O' N^ 

nT 'T 


o 

tr 

*-4 

pi in 

r- 

tr 

00 o 

ao 

oo cr 

cr cr 

cr 

*-4 

r»> 

4J 

oo <U 

rg 

g 

• LU 

►j a 

• 

O 

• • 

o o 

• 

o 

• 

o 

• 

O 

• 

• 

i»4 

• 

r4 

• • 

•"4 <\) 

• 

rg 

• 

rg 

< 


r-4 

*— l i—4 

H 


»~4 

r-4 

«~4 

4 

*—• <— I 

r4 

r-4 



r4 

r-4 r-4 

H 

•■4 

»-4 



~ 

r-4 «—4 

r-4 




o 

o r- 



r- 

rg 

O' 

UJ 

gj PI 

sU 

PI 



m 

m oo 

00 

co 

r- 

Nt 

sO 

H 

vo r- 

r- 

O' 

X 


nC 

n0 ^4 

H 

»— ♦ 

H 

o 

o 

rg 

g oo 

m 

O' 

to 



00 

00 

ao 

no 

O' 

o 

*-4 

rg PI 

•n 

NO 

«r 


• 

• • 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

X 


in 

in in 

m 

in 

m 

U 1 

NU 

sU 

NU NU 

nU 

N U 



NO 

n0 n0 

O 

NO 

^4 O 

gj 

gj 

O O 

o gj 



o 

o o 

o o 

nO o 

o 

gj 

O O 

o o 

UJ o 

NO 

sO ^4 

•■4 

i»4 

nT 

o 

CJ 

gj 

o o 

o gj 

c 

UJ 

• 

• • 

• 

• 

• 

• 

• 

« 

• • 

• 

• 

»~4 

u) 

CO 

m O' 

O' 

O' 

O' 

O' 

<r 

tr 

cr O' 

cr 

cr 



m 

m m 

m 

m 

pn 

>r 

U' 

4J 

p* cu 

tr 

tu 


•-4 

"4 ^4 

^4 

p-4 

^4 

*«4 

H 

i—4 

r-4 r-4 

*— 4 

rg 



>- 




a 









< 

z 



D 









to 

s t- 

U0 


O 









UJ 

•-4 in 

« 

z 

_J 









Q 

)-> < 

X 


M 










< 03 

H- 

Ml 

3 









2T 

oc a 

< 

>- 

ao 










< 


IM 










C3 

a a 

a 

z 

a 









UJ 

UJ z 

z 

o 

z 










o> UJ 

1 

UJ 

IM 

UJ 








CU CUl 


Ul NO 
O' tu 


cu to 
V-* gu 
gj gj 


ut ui 
ivi 01 
NO >r 


(JL> UJ 

r- p- 
i l 


pi 
—* eg 

in g 


(7 s vo 

gj <\J 
r- cr 


rg rg 


g r- 
(N nO 
in 
f X> O 


NU I"" 


O O 

o o 
o o 


on cr 
rvj 
ivj rvj 


in pi 

«-» IVJ| 


VO O' 

pi oil 


to to 
gj gu 
to to 


UJ so 

pi pi 
rg o 


OJ UJ 

r- p* 

I I 


«u oi 
m 

p) rg 


!C\i rg 


rg p- 
g uv 

r~* PI 


(M vO 
CM 00 

in in 
rg g 


o to 

O CO 

o <o 


O' tr 
m g 
rg rg 


to to 
gj to 


to in 
n n» 


uj r 
INI IVJ 


to CO 
w to 
to go 

• • 

to go 


UJ PI 
IVJ «-4 
00 sO 

• • 

p- p- 

r- r** 

t i 


mj gj 
>T nT 
r-4 O 


rg rg 


cn jo 

p- uj 
m r~ 


ro ro 


— » ui 

vO <r 
p- o 

vO O' 


CO CO 

o o 
to o 


cr ^ 
u> gj 
rg rg 


g i u* 

to m 


vo go 
go vj 
go go 

• • 

go go 


gr gj 

m •“*! 


r** r 
p- r- 

i > 


IV Ul 
>r m 
O' CD 


vU sU 

rg rg 


<n oj 

go 

go eg 


nT g 


to nU 

nJ- >1“ 

g gr 

o m 


UJ <jj 


go go 
to CO 
CO to 


cr tr 

P- UJ 

rg rg 


go go 
go to 


gj r- 
nJ- vT 


g t'1 
ig ig 


to o 
go gj 
to gj 


gj uj 
im uu 

CT sU 


4J gj 

r- r- 

i i 


(M uj 

rg to 
p* gj 


gj gj 
rg rg 


PI -ju 

pi >r 
g go 


Ni- n*- 


g go 
O' 
in rg 
o cr 


uj uu 


to to 
o o 
to CO 


O' O' 
gr co 
rg m 


u I UJ 

gj g 
sr m 


to co 

go go 
go co 

• • 

go go 


cn uj 
<r 


mJ g: 

p- r- 
l i 


UJ IM 
UJ sO 

g p» 


gj go 
nj rg 


g 

gj uj 
<JU CO 


in 


g go 

>3- r-g 


rg n 

• • 

U> O' 


o go 
go go 
to to 


cr tr 

—4 rg 

PI ru 


to CO 

gj go 


r— 

r— » r- 
g ni 


vj cr 

IVJ *-4 


go go 
g^ go 
vu to! 

• • 

go to 


uj xj 

•— < *sT 

O' gj 


u in 

r~ p- 
i t 


g gj 
m to 
rg -4 


gj gJ 
rg rg 


aj o 
O' — 
rg u\ 


uj ivj 
O' rH 
-4 -T 

co 


O’ go 


gj to 
o o 
<o o 


cr o 

n i sr 
r*i 


^ nT 
p i oj 


gj go 
gj gj 
to co 

• • 

go to 


u ' gj 

go r- 

m to 


u\ g 

r- r~ 

i t 


»— * i— 

sO -g 
tr uj 


in u\ 

(\» rg 


uv in 
ni in 
r* o' 


go nt 
in m 
r- rg 

sT jo 


go go 


co to 
to to 
to to 


tr tr 
a\ gj 
m m 


go go 
go go 
go go 


uj gj 

r~ n* 
r- >r 

• • 

vj' 

r- r- 

i » 


gj *-* 

so m 


m u\ 

rg r\j 


g; cr 
r- gr 
— * m 


in —* 
co >o 
— * in 


go o 
to o 
co to 


cr cr 
r- oj 
m m 


NU 

nJ- r-4 

gr uj 


to to 
go go 
go go 

• • 

to go 


NJ I — 
U> IVI 
CO 


nj* r*i 

r* r- 
i t 


go ivj 
m ao 


in u\ 
rvj rg 


rvj oj 

ivj >r 
gj uj 


sO 'O 


gj r- 

m t-H 

m o 
cr m 


— « IVJ 


go go 
to to 
to go 


tr gr 
gr go 
rn sT 


20 


















TABLE 2. (Continued) 


OOOOOOOOOOOOOOi-JOOOOCJCJ^-'OLJi_>^0(_>OWiwtL->CJWU 

OOOt^CJ , C.>CJ^j«w»wv>v^k->wwwwwwi-;t>jwwwv-»'-'wv^rv_/v-»wwL-»^M 

* 1 


>D >T a;r--*»H>v'>fW'w U'i^*i*~wm *w>4 aj v u; >y *■• u\ hj w* | r < - 

^^l/M^^H'0O< r jr , ''T'TinUJ^r-*HHUf v 'T^UUUU'-<(M'TU\P , *U;U'a> ! U 
if\rn^(rr^ifu\ioiuf N -uiuu^>fi^jjuuu>^'j'a)i'g^U'>ruji\i'uu'j'wt\<'ou'uu 

O^aj-Otf> <>rm(\ji\j^ u ^ m >f m >u >u «i) uj (/> u hi u\ h; i^ u 1 u im iv >t mj i*— wr -— < 

«-l I II | | | | | | | *-< ^ h rt H « H iv (VM>J IM »M l\J INMM 

I I I I I I t I I I I I I I I 

OOQOOOOOOOOOOOOOOOOOOOOOCJ^OtJOOOOOOO 

OOOOOOOOOOL->OOCJOOOOOOCJO<~>OCJ<_>U>Ol_>l_>CJt_Jt_>U>0 

OOOOOOOOOUOOOOOOOOOOOOOi-ii_>OOU>UWi->OCJOO 


m >}■ in m c f<i nn\ u> i\j 'T im u' »<h u' n- r* I s * u o' i”* sj ^ i" im i”- u oi vj" ui >r i'j lt vj ^ 
'4 , aOH(^rOfOHQC(^^ir'U^i\u^HHHr«- > j- l Haj^Hr-'TU'U<Mu;sry'u' >o 
Hh>tO' 0 <M!X)srnrj' ^oir'o^^HH>ou^U'fC' Tujma)(NNH^Otf' r\i 

mrsirvjooHr-ioc 'ju'V'U'cuajr’f s *r-f v ^'t)ii»ii\>j-p » n : cm rg *-« ,— i t^ocrc' u; u> 

rN. S N K N r- I s - N 4J >0 \D MJ >D sJ NO -i3 VO 'ij Vi) >L 'iwi VU >U vll NiJ <JI si) in U'. uy 1^ 

I I I I I » I I I t * I I I I I I I I I » I I » I I t I I I I I I I I I | 


r- 00 <\J 00 IT\ ^'T^f’WUll'-LT'UUUJtUUJvLI'UlM'J N Oi U' r U U 'O aj vU U U I' XU 

r\jm>frcor\JOf s ~cr m <x» cm in r- cr* trin io m in m h -xua— ir-p>a-'-rajr\j gj o m u> in 

uvunf\j^«o4’'f4’^cot,THujinHuj>j'Hh^ui s TiHrr fc 

U 0)0} r- >0 -li liA 

f\i(N|tMfNjrvjfsJCsjf\i(Nic\jc\jfNjrMfs|{Njrsir\j<\jrvj(\jf\jfM^*rH^-tpHr-4^^#-i^i^^j^^ 


ror^tna' >0 *T — * o ( 7 *'X 3 oj r^* ^ ^ <jy ay ^ r- 'jo m u ^ >r >r> *r (T o ^ r- 

OrOxOC^fOf'-rHOaxij' (MvUUiii(J'Ojaj'JUUJU'UH f -.HHHUuur , 'U)niuaj'T n> 
romf^'a'Oxj-4*r s *cro N ’-<'Tsucr^r»)mtr>ix'»r-o ,s i'sj>r'U'Xio>'Jsrix\r*-u'«-»<Ttxr'4Jr» 

NNhNCDCO©aoaOO'0'(T'C'OOOOOOOHHH^(NjfsJNMf\JfVJfn^^fnro 
H ^ h f-i m r-< ^ ^ h rg rg c\j r\j <M t\j (\| (\i v\j i\j (\i r\j inj cnj t\j (\j i\ txj i\i (\j <m 


mO'f©H(\|(\(NU<Mun«n»r»u , 'OxU‘ 0 '«rsMjunicuu>xoy'mu\eu<T^(MH uv 
Orn'flHH^O'in^NfOiT'OhNfOfnr. m(nr-»-«r-m>oi7 s >Tf\if\iNT<T'Omr-ox| 
fnO'^COH'0>t'^^^0^ ,s O^U'0'C s ON>rNa'(NJU^coCMvOO'TaJ(^Curv^| 


so (m Mco *o c* ^ o »n H go hr cr o'* cr I — i r\j m 


fMlvT «n KO T> O' 


m hM>t xftf\iAvu^'yi s, ^^u' ^ u u u u ih ^ ^ ^ ^ 'H « i'j i>j I'j oj txj i>j im| p|i 

»— 4 _i Lg r-i *— ♦ ^ |f\j rvif\jf\i(M(\if\jc\irsjf\itNjc\jf\if\j(\jrgf\j<Nj(N(M(\j 


ooooooocsjooooooo^x^inoooooooooooooooocNjf, 

OOOOOOO'TOOOOOOOxCnOvOOOOOOOOOOOOOOOOOIcm' 

OOOOOOOOOOOOOUONT'T'TOOOOOOOOOOOOOOOO'nvi 

0‘0 , ‘^0 s 0 s OCTv0CT ,, J s U'C7'a'C7'Cr'i)>0v0x0'0'UxD'0'0'0s0OMJxU'O>0'Ux0O! •— l| 
N(^TtTi4}f fc *oo(7'0'UH(\ir‘>Tu^'i;xO'ur“aio'U'Hixjnwut'0(vcuu'UH i\j mf 

'T'T'4'’T4‘T'T'T<r n 'n ^ iPi ix\ m ^ ^ lh -ii sO -O -o sD su o o o o r*- r*- r— r»* 


UL ^ 

a. <s 
ca —I ^ 


z> < -> 

U K K 
<1 ** 

e> a. ic 

ZOJO 
Ui I/O *- 


21 


w 



TABLE 2 . ( Continued) 


3 

or 

3 

oo -H 
uO ' 
3 Q| 

IS 

• C# 

Z to 

> — 

Q I 

O 

* 


UJ 

o 

3 


< o 

Z UJ 

Q 

-J 
O 
Z 


I LL) O 
t: uj 

*— < to 


—* 4 - 

ao co 

cm r<i 


fO 'T 


h- o- 
*-• oa 
O fNJ 


o o 
*— « r- 


xO vO 

ro ro 


CO CO 
r\j CNJ 


o 

rr\ sf 

—i m 


*n 7 s 

CO CO 


O' lf\ 
ro o 


O O 
O O 
O O 


in O 


uj u \ 

cr r- 

UI O' 


4 * 

m vo 


m o 
aj iv| 
m 


cj Oj 

r- *m 

HO) 


—♦ OJ 

vO sO 

co ro 


a) oo j 

<N *M- 


tn to 


s0 CM 
Oi O 
— I CM 


ro oj| 

ro 


xO O' 
CO Oj 
rO 


o o 
o o 
o o 


tn o 

-H AJ 


UJ UJ| 
U\ CVt 
C" xu 


O' 

O *0\ 


CNJ O' 
vU >T 

co ml 


xQ o> 

ro *-• 
ui u_» 


ao r 

o co 

O'! '.O 


co ao 

oj rjj 


tn ooj 


o- 
un r- 
r- n 
ro m 


■o o 

vT — < 


no O 
O 

— i r- 


o o 
o o 
O o 


m o 

rsi oil 


co 

OJ col 


oj C*N 

cr r-^ 

to fu 


w CJ 

sj- 


tn 

»— * s0| 

<r -r| 


cu aj 

oj r\i 


C to 


n o 
ro »n 
an .n 
r- cj 


CJ 

-h r- 


cc 

a 
n oj! 
oj ro 


O cj 
O CJ 
CJ cj 


IM Ul 
sT CM 


CJ CJ 

<r >r 


CT — • 

CT v V 

aj u 


xU U \ 
XU U' 


ao ro 

'O xf 
Ut Lll 


no ao 
OJ OJ 


o o 


o rr 
o- o 
r- o 
ro <r 


sr <r 

co O' 


O' >0 
-I OJ 

4 - 


O co 
O oj 
O CM 


in m 

4 - 4 * 


U 1 OI 

uj u' 

uj tr 

O' CJ 

CJ IV 

u\ CJ 

n- xr 

Ui OI 

OI oi 

uj r- 

IV )'«- 

U> u t 

m 

IM UJ 

»-• XJ 

m to 

UJ xj 

vj «—• 


oi i— 

tr uj 

xT CJ 

^ xT 

<r xr 

>r oi 

vT in 

xO r- 

r- o- 

r- o~ 

r- r- 

i\j ^-t 

— < tr 

xU >r 

>T CU 

sr 4" 

UJ ST 

tr cj 

OI |^| 

OI IM 

IV u» 

<NJ CM 

o tr 

r- ui 

Ul IM 

Ul vU 

UJ Ul 

uj tr 

tr tr 

O' ^ 

uj tj 

O OI 

UJ OI 

xU — « 

Ul 

iv CJ 

>r uj 

>r 

V vO 

VU vU 

VU xu 

IV »v 

C'l ftl 

O l O I 

I 1 1 ft) 

PI ot 

ao n 

co —» 

n — i 

— * OJ 

cr o 

ro OJ 

xO n- 

r-l ro 

ro n 

ro ro 

JJ uj 

CJ CO 

cr t'- 

tr 

«— 4 (NJ 

cu uo 

cr tr 

tr tr 

cr cr 

CJ CJ 

rj oj 

OJ OI 

oi oi 

OJ CM 

ro oi 

co ro 

tn n 

ro an 

UJ 1*0 

in X) 

CO xT 

O O 

03 ao 

to 00 

x — < 

tO in 

o n 

o r- 

r- C r 

O ro 

tro 03 

r- O 

L> O' 

O' 4* 

4* O' 

r- ^ 

xt) fM 

oi r- 

o- —* 

T m 

— t OJ 

(M OI 

o'! ro 

OI vj 

xT 4" 

p —t QU 

r-J O- 

tn <m 

OJ O- 

CJ CJ 

aj f-t 

Ol UJ 

u' cr 

cr >o 

CJ CJ 

tn ^-i 

ao ^O 

cr n 

n x 

4 C 

xT vL3 

O'! O' 

tr r- 

o- 4* 

in o 

ro -0 

—« n* 

cr in 

in o 

n cj 

in xO 

ao O' 

O' 

— 1 OJ 

rO <T 




•— t M 

r~i - — « 

O CJ 

CJ o 

xr a 

O X 

cj n> 

o o 

o o 

in o 

o 0 

cj >o 

o u 

O CJ 

O CJ 

O <"- 

CJ CJ 

cj in 

o m 

m o 

O OI 

• • 

n vo 

in tn 

UJ OJ 

xu r- 

r- 1**- 

o* r- 




*-* 2l 





r> ! 




• 

H- i. 

• 



U3 


00 



a. 

X 

a. 




a. <i 





cu i. 




o 

oc 

cT 




O o 



U I UJ 

cr to 
vU ui 


O' IV 
CM U' 


r- oi 
r~ co 

in lj 


O •— 

co ro 


m ro 


h- (O 

o o 

in n't 

—t tj> 

ui in 


o m 

r- vu 


r- lo 

*— H O- 

o- O 

LO CC 


O O 

o o 
o o 


O n 
co uu 


to O' 

>r o't 


'JJ UJ 
i\j i\i 
sT vT 


03 U\ 

co r0 

>r m 


to ro 


<— t vO 

O ao 

r- o- 

o 

mj r- 


>r tn 

oi >r 


n <• 

to o 

v0 T 
O CO 
t Ni tM 


o 

o o 

LJ O 


tj in 

O' U' 


U' 
— • >TI 
|v' m 


C-J o\ 
Ol CM 


Uiut 
LT Oi 


(M CM 

cm rol 


O 00 


OJ 

ro 

n 

jj r- 

uj to 


cr 

— * vU 


c o 

O 0 J> 

O t_J 


O U 0 
CJ <L> 


Ut r~H 
Ut VO 
"T O) 


r- 
r»t tr 
«ju m 


tn o 


m nt 
O') m 


ro tn 


O H 
o r- 

4 * - T 
uj tJ 
tO CN) 


O vT 
vj- u \ 


O 

cm 
o r- 
ro x 0 

t'i n » 


CJ o 
o o 
<-> o 


t O' 

uj uV 


JJ u\ 

SJ 1 ^* 
IM 


ro o- 
ro ro 


n> >r 

tn ro 


ao v 0 

r- >r 

~o -t 


xT 

uj oj 


m o 

U't 
xO ao 
O <f 

nT ST 


U> CJ 

o o 

CJ> CJ 


o n 

oj oj 


IM U 

aj 


OJ O' 

<r nt 


tr o 

tr cr 


cr cm 
— * in 
<r >r 


>r , 4 ‘ 

ro ro 


tn ro 


cr 
ro o- 
uj vO 
—• oi 
>U vO 


JJ xT 

—• 'T 


0 > O' 
CM CO 
m ao 
O' O' 

■XT Nj- 


O mJ 

o o 

O <J 


o o 
ro o> 


P 

CJ 

Z 


22 


TABLE 2. (Continued) 


I Of 

ICO 


QC 

3 

CO 

CO 

ULi 

cc 

Cl 


O 


CJU 

o 

3 


UJ| 

r 


oc 


C/ 

CO 


UO cu 

pi Pi 

Pi A» 

g g 

a- r- 

A- 43 

Ui Ui 

A* > A- 

A- A- 

X X 

UA in 

ua in 

eg eg 

•—4 r-4 

H H 

g> 'O 

e o 

o rg 

O sO 

r-4 r-4 

•*4 CO 

<g rg 

o o 

O X 

g g 

A- f- 

r- 43 

g g 

A- A- 

A- A- 

r-4 r-4 



rg rg 

m m 

m g 

m m 

m pa 

m m 

in a , 

in ua 

A uA 

g g 

g g 

g g 

m m 

m m 

m m 

o o 

pa m 

m m 

UA UA 

n o 

X 

A- A- 

fg e-vj 

eg in 

Pi i O 

m en 

pi m 

rg eg 

X X 

X o 

A- A- 

00 00 

ao X 

r-4 r-4 

#— 1 ^ 


o o 

g g 

g o 

m m 

vO 43 

43 A 

eg rg 

A 43 

vO r-4 

X X 

O O 

O rg 

O 

A- A- 

A- O 

rg rg 

A- A- 

A- CO 

I.CA A 

ua in 

ifi in 

O -0 

o o 

43 -H 

o o 

o o 

O s0 

vO 43 

1-4 r-4 

^4 g 

• • 

m m 

# • 

X x 

X x 

m m 

PA PA 

m m 

<—4 «-4 

-4 r-4 

1—4 r 4 

>- ! 


a 

<r 7* 


!j 

CJ SJ 

H— X 

Q 

UJ »-4 

X Si 

Z -J 

O K 

< 2 : 

ra — 

< 

t- 

— 3 

2T ac\ 

CJ < 

co 

H4 <: 


•-4 

cs a. 

q a 

Z 3 

uj uj; 

z z 

CD Z 

J33 X 

UJ LU 

*4 UJ 


CJ CO 

g — * 

l\i a> 


o m 

X a- 

CNi O 


x eg 

A- CO 


.0 —t 

O 00 
>.o o 


g <r 

m m 


n m 


A- PA 

O rg 

4 “ g 

a- g 

<-4 -i" 

eg eg 


r-4 JO 

ao rg 


UA O 

so a 
eg >n 
x g 
x r- 


o o 

o o 


cr cr 
g x. 


a cr 
sr — * 


eg ~ . 
g — * 

f\J x> 


g o 

ua eg 


g <r 

m CO 


O C 


g O 

cr x 

o <r 

CJ X 

r- cr 

Psi OJ 




g a- 

rg x 
o a- 

r\j cr 

uj u 


o a 
o o 
o o 


O' cr 

uj a* 


Cj rH 
LJ X 


40 nT 
V' 

r- t\i 


t\i r- 

x cr 


■**> uV 

O' s0 

x cr> 


g g 

pa m 


O 00 


A- iO 

o o 

I A PA 

r— cr 

,-4 Pi 

pa m 


pi co 

^-4 r~ 


o cr 

a- — < 

g 

X m 

O' 


o o 
o o 
o o 


cr O' 
a> cr 


u J PI 

CJ co 


CO 1 4 
l\J VNJ 


g uu 

lo i\j 

cj g 


ivi r- 
cj co 


m o| 

PA o 
CO — * 


in ui 

m m| 


o pi 


43 -4 

ij rg 

X X 
u\ r~ 
iM m 


ui *-4 

li\ »-4 


•0 LA 
00 00 
x in 
cr in 
co ^ 


o o 
o o 
fj a 


cr cr 

CJ r -4 

f\j ig 


O' •-« 

cr co 


ig i\ 


m cr 
sO rg 
^ eg 


u> ui 

m m 


O ao 


O' O 
CO r -4 
Pi g 
r- x 

U' r-4 

pi g 


a- o 

r-4 -4 


4 eg 
eg r-4 
— » m 

r-4 X 

ig ivj 


O CJ 

o o 
o o 


O' O' 
rg m 
eg eg 


u > A 
eg f\ 


vu gr 
eg (M 


eg sr 

O' LA 
ig i*i 


u> 

tn m 


-4 O 

r-4 eg 

r«'\ ~4 

CO 

m x 

gr >r 


O' e'* 

r- r- 


CO rg 

in p- 

-4 O 

r-4 m 

l'» fM 


CO o 
o o 
cj o 


cr O' 
eg rg 


<X cj 
eg 


LA X 

•**4 r- 

gr gr 


u> u> 
r<> m 


O -4 
r- O' 

|-C> MA 

tu —4 
U^ A~ 

g* g 


r- g- 
u\ a- 


O CJ 

o o 

o o 


cr O' 

gj r- 
rg nj 


g r~ 

LU PI 

g* 


CJ CJ 
gj i'' 


rty o 
m ^ 
<n ^ i 


m m 


X co 
-4 r- 
m c. ' 
p» g 
cu x 
vT X 


eg m 

r- r-4 


g- *ia 
— x 
m in 
h~ o 
sr l^ 


o o 
cj a 
cj o 


X X 
aj X 

:g eAJ 


C/ sj 
nT U1 


r- o' 

('i m 


r-4 pi 

uj x 


-O eg 
4- O 


ui u\ 

m m 


m ua 

r-4 LA 


m eg 

cj — i 


U Pi 

g- 


vU 


rg oo 

O' r-4 

m m 

m v 0 

u l *J I 


CO CJ 

o o 
o o 


X X 

CJ — 

m m 


ig g 

g- t 


oi eg 
ui pi 
A- pi 


u\ X 

CJ r-4 
l\i INI 


vO x 
ua a 

r- ij 


u> ui 

m 


in u'i 


m x 

T r4 

x ig 
cj uj 
eg rg 

u\ Ui 


UJ u) 

ui r~ 


m x 
cu x 

A- X 
er.'i O 


gj O 
o CJ 
co CJ 


x x 

IM Pi 


pi 

*"4 eg 

CJ' -4 


Pi eg 
eg cj 
X 40 


p> x 
cm g- 
g eg 


rg m 

X »-4 

nj X 


O C J 


X X 

J) -o 

A- 'T 

g* o 
pi g- 
m ui 


o u> 

pi x 


x cr 

A- Pi 

X *- 

rg cf 

40 4J 


O O 

o o 
o o 


X X 
JT ui 
Pi m 


g 
uo 
U e eg 


4o g- 

40 CU 
eg eg 


Pi Pi 
O -4 
X CO 


40 

m m 


m o 


A- r-4 

m uo 
in x 

UI U' 

g- g* 

u t U i 


00 


X 00 

X rg 
rg so 
'0 r- 

40 -CJ 


CJ O 
CJ O 
CJ CJ 


X X 
'U r- 
m m 


U I 40 
g cj 
CJ CJ 


A- CJ 
| A“ CJ 
ui X 


g ui 
cj eg 

PI *M 


| A- r-4 

g x 

pi pi 


r-4 X 

nO o 

J -«• 


40 40 

m m 


pi m 


r- a* 

CO 40 
A- O 
Pi l'- 
Ui Ui 
Ui Ui 


ui cj 


CM 


g g 

O' x 

A- A- 

m x 

4J 4J 


o o 

o o 

O CJ 


X X 
ao x 
m m 


O eg 

in o 


40 40 

m pi 


Ci no | 


4 “ g 

Li O 
uo rg 
x eg 

UI 40 
Li U\ 


CJ . 

ui cj | 


m o 
g uo 
'0 m 

O r-4 

■ A 


CJ O 

|o o 

CO CJ 


X x 

|cj r -4 

t g 


23 


TABLE 2. (Continued) 


t/J «» V’ V W 

UJ — * >T <M C>4 

U_ f— u » ««l M 
u. • • • • 

bri w r- n> U 

V) >v OJ uy IT U 

lu ao 

U. -J 


U >*, ^ <" iV ^ ^ w j 

(N4 u p* g' u\ 1-4 o c\i <\1 i>a r-i »- cp >4J CP cr >r ^ ^ cr o cn >r cm o ^ 

r** m-> u* ^ ‘ i'- im i— ivj i'» «» > r»> ui uu t\j i* in u ' k\j ^ oj w i- w V' 

t—« PI IM W U ^ »N Ut Ul UI I- U' IN/ >r I— O' U' ^ ^ •'» 'W U' INi MJ, 

PI fM ^ Ul o P- UJ LP o O o KJ t_> -«-«-• ^ IM rvj t\| Ml (M PI CM >T ^ I 

L-i f H_t*-t.-*^-i.~i.-ucNjnj<MfNJfNjc\j(N;iMiviNjc\ir\ic^<NjCNjcNJ<NJC\i<\inj 


u# cr <r n » 

>■ — n r* ^ 

ux ^ >T *-• 

v> • • • 

-s. UJ ^ P* 

O tP *V UI 

it PI >T 'f 


vur-oi u 'T ^ iuounir-HU(r!'juu l ’Hi'*>r H 'J'U'^'0^ 

M«l UUNI U ai H) <U <*UT IT MM U I'l H U IN I'- u» I" U> W u 

m i\) ^ sj- >r pi vT >r 'T ^ ^ ^ ^ ^ uvy 'J' ^ u ^ ^ «u pi 

i> i r~ <u im (’i iM (M im ni ^ su i ju u pi 'U u' in p* ^ >o c-> ^ r* >u 

U't'iujniu' m u u U CM Pi >r m; UJ J' IM 'T Ul r OJU'-'N 
^ r r wj uj w'ww *«—*•— •»— itsitMiv 


p- (\j in 
>t a* <n 

l\J IVJ PI 

• • • 

vU 4J sO 

m m m 


eg c\i r- cnj oo m cp ^ lt -4" o m o m o if' O' 

mininsOvOp-p-ao o O' o o — ■ ■ <~» eg ng cm 

r^- i — r-p*i'*P"p-i'*i s, i'“HjiJuajujfuajuj 

'Ll i) ^ 'U 'tl UJ vU ^ 

ro p\ ro pi pi fi >n oi -ci rn m ~ i <n m pm oi m 


00 ON 
p- 4 - in 
— « a; rsj 
<r u\ r— 

sO MJ 

m ui in 


m jro O n\ r\ au n >i u' oj in oo o uu m oq aj aa pi 

cnj cnj r- p^ cr -c ^ t h o ^ o n o n rii o ct 

NP-ronNM'i'Cr T n uu o co op o^nn 
-hI ^ fNj _j I*, (\J -n (\ r u >r r-|'«2 r o r— d 

f>~ p- <_> pi ui uu u-> •— « (" sr ui gj r- r— r- r- r- r- 

ajaiu'U'irU'uuUOuwuu u!u u u u 
in ui ui in u i m <J o o >u JJ >u 'UJ j 


—* -H 
*4> —* ~ * 
• • • 

^ 00 O 
vu o o 
O' -T 17 s 
«— i cnj r\) 
r- r- 


C_> O "T m uj ui CT cp ui r- ui O' uuui ui pi h (\ P) 

^— | f\j CNJ fNJUl NT <U INJ U — t PI OU PI • — • l\i CJ ul \0 

O 0 4- co cn co in -o T N rg -n 4 - p- p* .o co 

p*p-uoop-p-(j'c\iaj'juujiPo>j^jsroocO'T 

O' O' CP p» in CNJ rc> >r Ti M uN no O — * CNJ CNJ vNJ Ng 

eococPO^pjNp'i^Ntvj' gf in in ui in m in 

p- ("«- uj aj ' JL) Uj UJ -J UU 'V ot It Uu UJ UJ UU 


ENG C.uTefF ' 73 1.32 2 125220 




TABLE 2. (Continued) 


Z Ol 

rsa LO 

o 

fNi 

r-4 

O' P 

x m 

m 

si 

r- o 

n cm 

r-4 

sO 

in in 

si- cr 

i —4 

r~ o 


■— < 

>i 

u\ 

in Cr 

ot x 

si 

>—4 

O -4 

tn iaj 

4' • 

1 — 

* Si U t 

s*J (~“ 

s«J U > 

UJ sg 

o 

• 

• 

• 

• • 

• • 

• 

• 

• * 

• • 

• 

• 

• • 

• • 

• • 

• • 

*1 1 1 

CM 

o\ 

>r 

u> X 

uu cr 

f— ♦ 

m 

-i- m 

.u 

UJ 

r- « 

IM U 4 

U l 4 — 

SJ ' 

» ' » Uf 

r oo 

i 


<r 

-i 

<r <r 

i/^ 

*< > 

-A < •• 

:i\ Ul 

U l 

"U 

si; m 

S*J si J 

S^J 

I'- 1 *■ 

LD — 
-J V. 
LLl P- 
O LL 

O 

< CP 
j0 

m 

>r 

p 

3 I\l 

sx m 

»aj 

o 

nU _> 

Ul IS4 

4 

1 SJ 

i— a; 

—* S4J 

• ' • O' 

r-« 

• r-~ 

on 

OJ 

in 

0" m 

0- r-4 

sO 

c N J 

h- O 

sU 

n- 

UJ 

cr tr 

CJ sU 

i\l nT 

u t cr 

►“ O 

• 

• 

• 

• • 

• • 

• 

• 

• • 

• • 

• 

• 

• • 

• • 

• • 

• • 

— UJ 

>m 

m 

<n 

m st 

in 

m 


0 sO 

1 - r~ 

r*- 

UJ 

1 u cr 

CJ J 

rH r — 4 

CM .M 

3 i/> 


f-4 

i—i 

r— 4 —4 

i^-4 t-H 

r~-i 

•-H 

H r-l 

•—4 

• — 1 

r-4 

— * «— * 

l\i ( M 

l Sj l\i 

IS4 vC4 

2 — 
<S ^ 
_) 3. 

o 

o 

CM 

rn .-1 

c o 

• !' 



a? iu 

sU 

c r 

UJ l \J 

»SJ r>H 

l\J Id 

C-4 U» 


o 

o 

CM 

0- X 

cr >i 

in 

fM 

O' O' 

sU Ul 

ni 

nT 

Ul t — 

U \ 

<M U l 

INJ *•*- 


o 

00 

>i 

0 s U0 

0" o 

h- 

n 

m in 

»-4 U\ 

f— 4 

UJ 

j.y <— 4 

r-4 st) 

—4 UJ 

sr n 

oO 

Cl 

o 

a 

"O —4 

ns r- 

i ! 

' SJ 

. ^ rc' 

— - CJ 

i. 

cr 


r-4 |J 

4J l sU 

u c.; 

CD 

o 

o 

m 

co in 

m si- 

r- 

. -4 

•o 

cm au 

ni 

r- 

O' r-H 

— i r- 

C sJ sT 

r— 4 UJ 

— 1 



si 

<}■ n 

• o c- 

o 

o 


n si 

sO 

r~ 

r- o' 

O' O' 

o o 

r— 1 


0 

>o 

X 

X x 

so n 

o 


is. r-s. 

r- r- 

n- 

r- 

r- 

!■* r- 

aC O 

tj n 


r— 4 

»— 4 

r*4 

I 4 r—t 

^—4 ^ -4 

r-4 

—* 

r~4 1- ~i 

— t «-H 

•— 1 

r-4 

r-H 

— ^ r-4 

r-4 -s* 

r—4 

THRUST 

• 

• 

• 

• • 

• • 

• 

• 

• m 

• • 

• 

• 

L 

• • 

• • 

• • 

• m 


m 

p 

sf 

o 

sC r — 4 

*n 

.-i ■ 

o si 

O cr 

U' 

C J 

r— 4 '.J 

-.1 is; 

r- vj 

sT <t 


X 

o 

CO 

r-o rO 

id im 


i 

*n cr 

/Sf, n> 

cr 

r~ 

>JU n 

XJ r-4 

I- si 

r- n 


o 

O' 

CM 

^ x 

no 

rA 

n 

sO —4 

co r- 

si 

UJ 

QJ isi 

CM si 

cr sO 

cr o 


■c\ 

x 

r-4 

CM M 

— • O' 

n 

p- 

si O' 

si in 

X 

co 

sO 1 — 

r- so 

r~ r- 

O' -~4 


cr 

o 

r— 4 

m sO 

O nT 

o 

sO 

m 

o ^ 

sT 

CJ 

r-4 U 

s a u' 

r-4 l\J 

U \ U' 


Psl 

CM 

m 

rO ni 

si si- 

in 

m 

s0 sO 

r- r~ 

0L- 

O' 

cr cr 

cr cr 

CJ o 

O cj 


P- 

P 

p 

P P 

fs 0“ 

r- 

fs- 


r- r- 

n- 

r~ 

r- r- 

r- r- 

ao U> 

a) jj 


p 

m 

c 

sO CM 

9 

5 

CM 

UJ 

it- in 

-4 fs- 


o 

cr r- 

I s - o 

m in 

O s(J 

H— 

• 

• 

*1 

• • 

• • 

• 

• 

• • 

• • 

• 

• 

• • 

• • 

• • 

• • 

X 

v n 

EfN 

si- 

CM —4 

O' i22 

fs- 

in 

vi O' 

rO —* 

o 

o 

•n r- 

r- i-M 

D O 

in ia 

3 GO 

p 

J- 

<— 4 

oo in 


n 

(M 

O' o 

\ vA rO 

a 

3 

o m 

n o 

o sn 

r~ st 

•— C2 

p 

■0 

m 

n r«j 

-4 0 s 

0 

r- 

lO :0. 

i ^ 

nj 

O 

O' cr 

n j 

r- zj 

r t 

LtJ -J 

4* 

m 

<M 

-4 e 

t r~ 

sO 

m 

si nj 

rA CM 


o! 

ll \ u < 

^ Cj 

'J CJ 

u> sj- 

X 

<i 

fH 

00 

m cm 


CM 

O' 

n so 

m cj 

r- 

si 

cn cj 

cj O' 

r- n- 

si — 


ca 

CM 

—4 

9-4 f— 4 

o o 

r-s 

0- 

O' 0 

cr cr 

UJ 

UJ 

ao oj 

cu n- 

r- r- 

i — r- 


f— ♦ 

rsj 

•—4 

rO 

r— 4 

m 

>4- si 

f-4 —i 

n n 

*^-4 

•0 

Sl*) 

►— 4 

fs- X) 

aj 

O' 

r») cj 

o o 

r-4 <3 

—» i \J 

l/l 


• 

o 

• 

O' 

• • 

00 P 

o <n 

si 

m 

m n 

J o 

cr 

an 

r-4 <u 

CT r-4 

uj ri 


l/> u0 

cm 

o 

p 

n m 

—4 O' 

fs- 

L"i 

Hi O 

r-4 O' 

s0 

-4 

C iM 

Csj r-4 

O O' 

GO -O 

< o 

s0 

LA 

m 

CM --4 

O CO 

r- 

sO 

in so 

si cm 

•— 4 

O 

<m cr 

si so 

m cm 

^ c 

X ^ 

•J- 

O 

sO 

CM X) 

si- O' 

n 

.—4 

rs- 0 

rn O' 

n 


O' 0 

O JO 

nj O' 

rn s r 


n 

in 

m 

nj o 

<o r- 

n 

■n 

rA rA 

rvJ O 

O' 

an 

r~ so 

O in 

m ci 

m cm 


lH 

LA 

tn 

in in 

st st 

4- 


sf si 

si sr 

'1 4 

n » 

m n 

n r» 

r>i ny 

O 4 •'» 


O 

O 

o 

O O 

o o 

O 

O 

O J0 

o a 

o 

O 

>i o 

O 00 

O r- 

O 3 


o 

O 

o 

o o 

o o 

sO 

O 

3 M 

o o 

o 

O 

n o 

s3 sO 

O sO 

o o 

LU 3 

o 

O 

o 

o o 

o o 

o 

o 

o n 

o o 

CJ> 

o 

0 CJ 

3 r- 

CJ CJ 

o o 

X UJ 
•— 00 

* 

o 

• 

tn 

• 

o 

• • 

n o 

n o 

n 

• 

o 

• • 

•n n 

O n 

o 

in 

in cj 

O "M 

m vO 

CJ in 

t— 

LL 

U. 

!S1 

1 

t- 

LL 

-J 


—4 

-4 CM 

cm m 

m 


<r ^ 

in »n 

sO 

sO 

sjj r- 

• 

GO 

X 

o 

r— r*. 

-4 X 
3 
l- X 
X — 
X 

a- < 
cj X 
cC 

o o 

o* ^ 

• 

j-> 

X 

i 

au cu 


p. in 

cr ^ 

cr co 

P* CM 

P- P~ 

r-4 — 

»»» UU 

1— l sj 

M u » 

sU uj 

<« » < u; 

1*1 to 

sj — 

UJ HJ 

U » U 

UJ s i 

O' U' 

o — • 

r-« t g 

r-4 p-4 

PI P> 

U l I 

u \ P » 

>1 l Nj 

— ’ s*J 

Ul IS 

<M U.) 

si — • 

cr ir 

—• in 

n> r- 

U\ -O 

UJ CJ 

r-4 m 

*u x 

r«H r— 4 

i sj i sj 

1 SJ p > 

l'» Ol 

Ol CM 

Si sT 

■u s<; 

w •* * 

I'- o> 

U X 

sj- (Sj 

Ol sj 

SC‘ U' 

O' uj 

Ol Ol 

a i r- 

cr i— 

Si) sO 

CM fM 

cr -« 

sr n 

rs ,,, 

■iJ • -4 

— • p- 

Cj »m 

T > T 

IM 1 — 

CT r-4 

IM CM 

o> O) 

t't m 

(M i\J 

IM ol 

ff) m 

n 'n 

o> Ol 

J 'O 

0 sD 

X tn 

X X 

X o 

4 r -4 




—4 r-4 

.. ^st 

, 

, S r 

, r .-1 

r c rs 

U l l"- 

u' r'- 

JJ —1 

I- L) 

r-. ,M 

■ J o 

m sr 

r-4 1 JJ 

3 X 

I”- CM 

i'» u) 

sT 

p~ m 

3 cr 

at so 

rr) u 

*0 m 

O' *M 

si i 

m m 

r-4 <\J 

m sj- 

Sj Ul 

U 1 U 1 

Ut lit 

w—i •— 4 

p— 4 

•—4 r-4 

r— 1 r-4 

p-4 

O) JJ 

UJ JO 

X ij 

X X 

X C) 

(M O' 

Ld CM 

X sj- 

r-l P- 

sj r—4 

>\J O 

O OC 

o m 

M- (M 

«-H C 

r-4 O 

i r-4 

x in 

(M O' 

O O' 

n ■ -4 

"r 

r- -c 

*n to 

~nJ si 

ft CM 

r-4 J> 

x i — 

sU m 

ST 3 

a» u i 

- m au 

Ul CM 

cr so 

(i) O'! 

sO S|J 

sjj tn 

in 1^*1 

>r >i 

si S3 

INJ 

4> si 

sj- *n 

Ut s*J 

sO 3 

Ifl X 

CM 

r-4 CJ 

cr x 

P- P* 

si rj 

C X 

sO si 

-• O 

P- O 

O' 'JU 

p- in 

si m 

CM O 

O' CSJ 

rr ,d 

i—4 

■n O' 

tn r-l 

x n 

O' O' 

tn o 

in m 

CM r-4 

O' O' 

1 M » M 

4 J *\j 

INJ IM 

(SJ l\J 


CJ O 

O O 

3 o 

O O 

3 3 

3 O 

o o 

o o 

3 O 

O 3 

J CJ 

o o 

CJ 3 

3 O 

3 3 

O m 

o in 

o n 

o n 

O 3 

cr cr 

CJ o 

•—4 i— 1 

CM CM 

oi m 



H 

H r-4 

r— 4 — g 

CL. 

LL 

S3 

p- 

3 

3 

3 

2 

UJ 


'O 


u \ 


U 

IM 


<M 

p- 

sU 


O' 


P- 

i'~ 

3 

sT 


o 

O' 

r 

o 

■T> 

nT 




p 

*0 

<N 

n 

O 


o 

o 

vU 


c 

m 


>- 

*5 


25 


ENC CEC 



TABLE 2. (Continued) 


i 


z 






























1 




Pi 

S3 

gO 

eg 

p> 

X 

X 



cr 

X 

m 

m 

<r 

r» 

m 



<r 

o 

O' 

o 

X 

in x 

in 

r- 

Pi 

in 

pi 

CO 

o' r- 

>r 

o 

X 



x 

IX 



X 

i»» 


ig 


l u 

i'- 

ig 

X 

s 

X 

X 

p 1 

W’ 


g 

ig x 

U' 

WkJ 

UJ 

X 

O' 

X 

eg 

UI 

W' 

g 

O' 

X 


x 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• ! 

t 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

*4. 

UJ 

IX 

w 

ix 

X 

X 

'j- 

>J 

U 1 

u « 

X 

X 

r* 

1 — 

X 

O' 

U' 

X 

X 

1-4 

ig 

p i g 

g 

U 1 

>*u 

i*- 

X 

X 


» g 

p 1 

U I 

X 

oo 

Ct 

a 

l 

1 

1 

l 

I 

»g 

ig 

ig 

kg 

l ^ 

i g 

' g 

i g 

ig 

ig 

»g 

o i 

PI 

O 1 

o » 

P 3 PI 

i' i 

PI 

IM 

pi 

p l 

g 

sr 

g* 

g 

g 

g 

g 

UJ 



































-J 

"V 


































UJ 



































X 

X 


































X 




































u 



































*/» 


,— t 

U 1 

u t 

X 

IM 

X 

X 

■g 

U' 

U l 

1-4 

X 

X 

>f 

p i 

i* i 

g 

X 

v-r 

PI LT 

U 1 

PI 

PI 

g' 

P- 

i g 

X 

X 

V' 

g 

F-l 

ig 

• 



X 

IX 

ex 

X 

g 

UI 

r- 

X 

O' 

i-4 

rn 

>r 

X 

X 

X 

ig 

M" 

X 

X 

—• PI 

X 

U' 

tg 

ui 

X 

eg 

ui 

O' 

ni 

X 

Pi 

X 

*— 

U 

• 

• 

• 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

* 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

i—t 

X 

IX 

IX 

X 

ex 

X 

r* 

r— 

n* 

p» 


JU 

X 

X 

UJ 

X 

O' 

O' 

O' 

O' 

O' 

X X 

X 

X 

*— i 

-4 

i-4 

CM 

IM 

CM 

pi 


g 

g 

X 

i/j 

1 

1 

1 

1 

1 
















r4 i-4 

-4 

i4 

W4 

i-4 

1-4 

«— 1 

1-4 

44 

1-4 

i-4 


»— 4 

4L 



































X 

"v 


































-J 

X 

IX 

IX 

IX 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


X 

X 

X 

X 



X 

u 


X 

X 




J J 

IX 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X x 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 







» 

m 

m 

n 

ni 

P! 

m 

P3 

PI 

P 3 

P3 

P3 

03 

P3 

P3 

P 3 

P 3 P> 

P3 

Pi 

PI 

Pi 

Pi 

Pi 

P3 

Pi 

Pi 

PI 

pi 

pi 


gj 






fH 

-h 

1-4 


<— ♦ 

^-4 

•— « 

1-4 

-4 

*— • 

i-4 

— ‘ 


■H 

- — i 

44 1-4 

H 

r-H 

r—4 

— 4 

•— * 

i-4 

1-4 

—4 

r—4 

r-l 

p— 4 

r-H 


OJ 






X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 


-J 






pi 

pi 

,n 

rr> 

P) 

m 

(A 

P3 

P3 

m 

ro 

P3 

PI 

m 

P 3 

m pi 

pi 

Pi 

Pi 

PI 

Pi 

Pi 

Pi 

Pi 

pi Pi 

pi 

pi 








(NJ 

rg 

CM 

pg 

eg 

rg 

CM 

rg 

rg 

rg 

CM 

rg 

rg 

rg 

:M 

rg rg 

rg 

■M 

CM 

CM 

CM 

CM 

CM 

CM 

rg 

rg 

rg 

rg 

F- 



































l/> 



































Z) 



































oc 



































X 


c 

c 

x 

X 

X 

PI 

pi 

pi 


r ' 

pi 

p ) 

p\ 

pi 

p ' 

(' ' 


p i 

n ■ 

r 1 

p» r 

p . 

" 1 

r ' ' 

P • 

p i 

PI 

Pi 

PI 

o i 

pi 

p' 

rn 

H- 


• 

IX 

• 

IX 

• 

IX 

• 

X 

• 

X 

• 

a' 

• 

UI 

• 

ui 

• 

u \ 

• 

U k 

• 

U' 

• 

U ' 

• 

U1 

• 

U 1 

• 

u 

• 

U1 

• 

U ( 

• 

U 1 

• 

U 1 

• 

■ ( i 

• • 

u ' u ' 

• 

u\ 

• 

u > 

• 

u ■, 

• 

Cl 1 

• 

ll 1 

• 

Ui 

• 

U 1 

• 

Ui 

• 

in 

• 

ii i 

• 

U i 

• 

U 1 


Z 





1 

x> 

X 

IX) 

X 

X 

X 

X 

X 

X 

X 

X 

CO 

X 

<u 

X 

CO -u 

UJ 

X 

CO 

CO 

X 

X 

(JO 

X 

aj 

CO 

X 

CO 








m 

m 

PI 

PI 

cn 

p't 

P3 

O) 

P 3 

Pi 

03 

P 3 

Pi 

P3 

0 3 

03 P3 

Pi 

PI 

Pi 

PI 

Pi 

P3 

Pi 

Pi 

Pi 

Pi 

PI 

Pi 








O 

o 

o 

O 

o 

O 

O 

0 

c 

O 

O 

o 

O 

O 

X 

0 

3 

o 

X 

O 

O 

O 

X 

X 

X 

O 

o 

o 

o 








Ui 

U 1 

a i 

a \ 

u \ 

U 1 

u\ 

u\ 

ui 

Ul 

u\ 

U3 

U 1 

Ui 

m 

Ui U 1 

U I 

ui 

U i 

U 1 

U 1 

Ui 

u\ 

U 1 

Ui 

Ui 

ui 

u i 








O 

O 

O 

O 

O 

o 

U 

O O 

O 

O 

o 

O 

C 

X 

O O 

C 

X 

CO 

O 

o 

O 

X 

X 

O 

X 

O 

O 








i-4 

f— < 

*— 4 


—» 

♦— f 



r- 1 

r-4 

- 


*— 4 


i-4 

f~4 


f*4 

i-4 

i-4 



r-4 


i-4 

i-4 


«— 1 





r- 

n- 

r- 


CM 

a? 

>r 

i-4 

r- 

rA 

O' 

X 

rg 

CO 


1-4 

f* 

P3 

? 

6 

«g 

CO 

>r 



Pi 

O' 

X 

rg 

X 

g 

i-4 



• 

• 

• 

• 

• 

#1 

• 

• 

« 

• 

# 

« 

• 

» 

• 

• 

• 

* 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

X 


O O' 

O' O' 

O' 

o 

in 

Pi 

eg 

*— I 

O' 

X 

>0 

.A 


<\i! 

-4 

o 

<0 

r- 

in t 

Pi 


o 

O' 

h- 

O 


rn 

rg 

o 

O' 

CO 

o 

sA 

in 

pi 

n pi 

pi 

X 

in 

o 


r- 

o 

<r 

CO 

rg 

X 

o 

<r 

X 

r-H 

in 

O' Pi 

r- 

—4 

in 

X 

(M 


o 

>* 

ao 

rg 

m 

O' 


CD • 


g 

g 

4- 

g 

n 

X 

g 

o 


CT> 

eg 

X 

<— 4 

in 

o 

<r 

X 

n 

r— 

i—4 O 

X 

m 

O' 

Pi 

u 

M 

r- 

1-4 

n 

X 

g 

X) 

UJ 

X 

^4 

~h 

*4 


X 

i-4 

X 

X 

gr 

O' 

fn 

X 

pg 

r- 

rJ 

X 

X 

g 

U' 

I'i 

u) rg 

r- 

— i 

U i 

X 

>r 

O' 

pi 

CO 

CM 


i-4 

Ui 

X 


eg 

** 

X 

X 

.—4 

r-4 

X 

X 

O' 

X 

X 

r- 

r* 

X 

X 

U 3 

!f3 

sT 

Pi 

P) 

eg ig 



X 

X 

O' 

to 

a) 

r~ 

r- 

X 

X 

ui 



g rn 

p> pi 

Pi 

Pi 

m 

PI 

i\j 

pg 

rg 

ig 

rg 

CM 

rg 

iM 

eg 

eg 

rg 

eg 

eg cm 

CM 

eg 

IM 

eg 

i-t 



i-4 

r-H 



r-4 



r» 

r* 


r- 

r— 

X 

pi 

r- 


in 

O' 

ro 

r- 

^4 

Ui 

O' 

03 

r- 

•— H 

m 

O' P3 

r- 

r-H 

in 

O' 

m 

X 

CM 

X 

X 

>r 

oo 

INJ 

i/> 


IX x 

S U 

x 

gj 

X 

g 


O' 

X 

m 

t-4 

X 

X 

pi 

X 

X 

U3 

P3 

X 

r— ui 

(M 

X 

r- 

>r 

CM 

O' 

r- 

nT 

CM 

O' 

X 

g 

i/I 

go 

pi x 

X 

x 

NO 

m 

eg 

a 

r- 

in 

m 

i-4 

X 

X 


CM 

O' 

r- 

in 

P3 

O CO 

X 


i-4 

O' 

r- 

M* 

rg 

c 

(30 

Ui 

Pi 

i-4 

< 

O 

o eg 

rg 

eg 

CM 

eg 

00 

m 


rg 

r- 

pg 

X 

i-4 

X 

•H 

in 

o 

in 

O 

Ui O' 


O' 

<r 

X 

pi 

Q0 

pi 

a 

CM 

r- 

rg 

h- 

X 

* 


i-4 

X 

H 

r-4 

H 

CO 

X 

m 

H 

00 

X 

m 

r-4 

CO 

X 

ro 


ao 

>0 

m o 

X 

»n 

Pi 

o 

ct) 

m 

Pi 

O 

CO 

in 

pi 

o 



O' 

>* 


** 

*4* 

pi 

pi 

m 

re 

rg 

rg 

rg 

rg 


i-4 

•mJ 


C 

O 

c o 

o 

o 

O' 

o 

00 

00 

00 

oo 

r- 

r- 

r- 




*— i 


fH 



«— 4 








F-H 


1-4 





r— 4 r-4 















>0 sO 

X 

x 

X 

i-4 

o 

o 

o 

o 

O 

a 

Q 

X 

o 

o 

a 

O 

o 

O 

o O 

o 

o 

X 

X 

o 

o 

a 

X 

o o 

o 

o 



o o 

O 

o 

o 

x 

o 

o 

o 

o 

O 

O 

O 

o 

c 

o 

o 

X 

o 

o 

O X 

o 

a 

o 

o 

o 

O 

o 

X 

o o 

o 

o 

UJ 

o 

X 

X 

r-< 

t-4 

H 

>r 

X 

o 

o 

X 

o 

o 

o 

o 

o 

o 

o 

X 

o 

o 

X X 

o 

o 

a 

X 

X 

o 

o 

X 

o 

o 

o 

CJ 

X 

UJ 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• • 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

M 

go 

ro 

pi 

O' 

O' 

O' 

O' 

O' 

O' 

o 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' O' 

O' 

o 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

O' 



0) 

pi 

PH 

m 

m 

m 

'T 

u\ 

X 

r- 

X 

O' 

o 


CM 

P 3 

>r 

m 

X 

r- 

CO O' 

X 

r-i 

CM 

Pi 

M* 

Ui 

X 

r- 

CO 

O' 

X 

1-4 




X 

—» 

*— i 


-4 

i—t 


•— 1 

rj 


H 

rg 

ig 

pa 

CM 

rg 

rg 

rg 

rg 

rg cm 

Pi 

rn 

Pi 

Pi 

Pi 

Pi 

Pi 

pi 

Pi 

Pi 

g 

gf* 



> 





CL 






























< 

z 




D 






























u 

sa 

H* 

go 


O 






























UJ 

i— i 

go 

S3 

z 

X 






























u 

i— 

<* 

£ 

sa 

•— • 































< 

S3 


«— • 































z 

oc 

o 

< 

f- 

OJ 






























NH 

< 



W4 































o 

a 

u 

ex 

z 

X 






























UJ 

UJ 

z 

z 

o 

z 






























60 

uo 

Luj 

UJ 

** 

UJ 





























26 


TABLE 2. (Continued) 
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TABLE 2. (Continued) 
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gggCUIOFE. 731.322 6966.323; 22855*392 -3490,034 -11450.242 '--197.378 -352.289 



TABLE 3. OPTIMAL TRANSFER TRAJECTORY CHARACTERISTICS FOR THE 
TERMINAL CONIC CONSTRAINT (V,y,r) — SYNCHRONOUS ALTITUDE CIRCULAR 
ORBIT IN THE PARKING ORBIT PLANE (V = 3. 072 km/ sec, y = 0 deg, r - 42 240 km) 
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West longitude from Greenwich. 
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TABLE 4e. (Concluded) 
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TABLE 5. OPTIMAL TRANSFER TRAJECTORY CHARACTERISTICS FOR THE TERMINAL 
CONIC CONSTRAINT (V, y,r,i) - SYNCHRONOUS ALTITUDE CIRCULAR ORBIT INCLINED 
AT 50 DEG (V = 3.072 km/sec, y = 0 deg, r = 42 240 km, i = 50 deg) 
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West longitude from Greenwich. 
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END BURN 
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TABLE 7. OPTIMAL TRANSFER TRAJECTORY CHARACTERISTICS FOR THE TERMINAL 
CONIC CONSTRAINT (C 3 , Cj) - 6588 x 42 240 km ELLIPTICAL ORBIT IN THE PARKING 
ORBIT PLANE (C 3 = -16.33 km 2 / sec 2 , C t = 67.40 km 2 /sec) 
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TABLE 9. OPTIMAL TRANSFER TRAJECTORY CHARACTERISTICS FOR THE TERMINAL 
CONIC CONSTRAINT (C 3 , C u i) - 6588 km x 42 240 km ELLIPTICAL ORBIT INCLINED 
AT 50 DEG (Co= -16.33 krnVsec 2 , C< = 67.40 km 2 /sec, i = 50 deg) 
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TABLE 11. OPTIMAL TRANSFER TRAJECTORY CHARACTERISTICS FOR THE TERMINAL 
CONIC CONSTRAINT (C 3 , a, 6) - TYPICAL 1973 MARS MISSION HYPERBOLIC ORBIT 
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TABLE 12 b. (Continued) 
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TABLE 12b. (Continued) 
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n ac co co oc ac co cc cc cocoa 
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TABLE 12b. (Concluded) 


7T. 

QC 

Z> 

cC 


if* 

Of 


<L 

fsj 

O 

if 

*u 

O 

o 

a 

o 

a 

£ i 

o 

o 

o 
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o 

o 

o 

a 

o 

O 

UJ 

c 

o 

c 

c 

o 

o 

o 

o 

o 

o 

c 

o 

o 

o 

o 


in 

o 

o 

c 

o 

c 

fv 

o 

o 

c 

o 

o 

c 

o 

c 

c 


V. 

•> 

• 

• 

» 

• 

• 

• 

• 

• 

• 

• 

•- 

• 

• 

• 


31 

1 

1 

1 

1 

• 

f 

1 

• 

1 

1 

1 

1 

1 

• 

I 


cl i r 

>* w 

a kj 

Cr UJ 

in 


T y T T T 

QOOOCCOaocirtorir^r% 

ooooocoaoootrcob 


a it 

X ^ 

a u 

C Ui 
tn 
\ 
r 


r* m o m o' yrifj , 'C<^<rc(h 

aocoo coooooooao 

i i i i i i » » i » i t i • i 




o 

c c 

c 

c 

a 

c 

c 

c 

a 

o 

c 

C 

C 

IT. 




o 

cr c 

c 

c 

c 

c 

c 

c 

c- 

o 

cr 

c 

c 

— * 




c 

c c 

c 

CD 

c 

c 

o 

a 

c 

C! 

c 

c 

c- 


r 

u. 

O 

* 

• * 

«- 
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• 

• 

• 

• 

• 

• 

• 

• 

• 

• 

or 

r 

UJ 

o 

c a 

o 
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o 

o 

o 

c 

o 

a 

a 

o 

o 

<vt 

3 


in 


cm ro 

=r 

tn 

*0 


cc 

0- 

o 

•— 

r* 

m 

X 

d~ 

CC 

K 


O' 

o- 0* 

0^ 

o- 

0- 

Ch 

0* 

0* 

c 

o 

O 

o 

C 

O 





— — 

— 


— 

-* 

— * 


rv 

cv 

<\i 

N 

•s 


o 


2 

U 
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COMi C -COtlO I T4 QMS AFTER -fl*ST_ gyRN 


o 

<N 


w 

J 

s 


in 

< 

* 


in ~ 
in 2 
< r> 



QC 









UI 









0^ 

u 














or 


3 

V 

7 





Ui 



0 

C- 

or 




►- 


a: 

at 

u 

u* 

cr 



2 


UJ 

uf 


V- 

ui 



Ui 


CL 

Z 

L 

z 

*- 



u 



Ui 

o 

u 

7 



I 


> 



O 

U 



•-* 


3 

j 

in 
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o 



X 

o 

fr- 



**» 

1 



UI 

•— 

2 


X 

a: 

o 



X 

z 

Ui 

o 

> < 

Ui 

a 


>~ 


o 

x 



a 


2 -1 

u 

u 

o 


— £K 



c 

<t 

o 


X 

Ul 

o o 

i- 



X 


u 


X 

~ “> 

< 

< 

i- a 


c 

CL 

H* 

ar < 



< 2 

2 




K X 

IT 

in 

2 


U! 

c. 

_ 1 

w 

Z 



•— 


X 

c 

r> 

u 

Ui — 

•*- 

•— 

_J U' 

3 

*— 

15 

•— 

u> r 

O 

o 

o z> 

13 

or 


* 

o u 

*c 

< 

2 

tt 

or 

ui 

< 

frt 

iu in 

0: 

a 

•— 

►* 

« 

CL 


u cr 
uj in 
vr — 
\ L> 
C? Li 

in wn 
— \ 
i r 
v v 


IT 15 IS L> 
T I I Ll L 1 Ui u 
w. ^ w C‘ o o <r 



>c 

o 

a 

co 

IT 

O 

— ir. 

cO 

CO 



o 


-0 

co 

>0 

— rv 

ro 

O 
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o 

fv 

» 
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• 

o in 

CO 

• 

in 

CM 

c 

CD 

3* 

o 

in 

T 'O 

CO 

m 

o 

o 

• 

o- 



o 

<i & 


0" 

2 

a? 

<*> 

CM 

— • 

M) 

0^ 

O' • 

• 

r*v 

UJ 



• 

CM 

•O 

c 

• h 

t> 

CM 

X 




CM 


in 

>C — 


CO 

Ui 







iO 

i 


-J 










UJ 











CD 

tr 

o 


n 



u 

« 


O 

CL 

O 
O 2 

13 

CL 

o 

QC 

— * fO 

O’ 

X 

u 

< 

Z < 

or 

Ui 

O Ui 

UJ 

m 

ft: 

Qc 

— •- 


CL 
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APPENDIX A 

OUTPUT FORMAT FOR EACH PRINT TIME INTERVAL AND 
OPTIONAL SUMMARY PRINTTABLE DESCRIPTION 
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OUTPUT FORMAT FOR EACH PRINT TIME INTERVAL 


TIME 

XP 

X 

MASS 

YP 

Y 

WTLBS 

ZP 

Z 

DDXP 

DDXPG 

Wi 

DDYP 

DDYPG 

W2 

DDZP 

DDZPG 

W3 

LATP 

CHIP 

ALPN 

LONGP 

CHIY 

ALPW 

SMA 

C3 

Cl 

INC 

RASNOD 

ARPG 

Si 

S2 

S3 


DXP 

DX 

R 

DYP 

DY 

ALT 

DZP 

DZ 

V 

PI 

LATR 

RDOT 

P2 

LONGR 

PTH 

P3 

AZ 

VPER 

DC HIP 

DALPN 

VAPO 

DCHIY 

DALPW 

GRADV 

ECC 

RCA 

RAOP 

TANO 

PERIOD 

MEOR 

SD1 

SD2 

SD3 
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DEFINITION OF OUTPUT SYMBOLS FOR EACH PRINT TIME INTERVAL 


1. 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 

11 . 

12 . 

13. 

14. 

15. 

16 . 

17. 

18. 

19. 

20 . 


21 . 


22 . 


TIME 

MASS 

WTLBS 

XP, YP, ZP 

X, Y, Z 

DXP, DYP, DZP 

DX, DY, DZ 

DDXP, DDYP, DDZP 

DDXPG, DDYPG, DDZPG . . . . 

Wl, W2, W3 

PI, P2, P3 

LATR, LONGR 

LATP, LONGP 

R 

ALT 

V 

AZ 

RDOT 

PTH 

ALPN 


ALPW 


CHIP, CHIY 


time (sec) 
mass (kg) 
weight (lb) 

position coordinates in the plumbline 
system (m) 

position coordinates in the ephemeris 
system (m) 

velocity components in the plumbline 
system (m/sec) 

velocity components in the ephemeris 
system ( m/ sec) 

acceleration components in the plumbline 
system (m/sec 2 ) 

gravitational acceleration components 
in the plumbline system (m/sec 2 ) 
unit vector in the angular momentum 
direction 

unit vector in the direction of periapsis 
latitude (geocentric) and longitude of 
radius vector (deg) 
latitude (geocentric) and longitude of 
periapsis (deg) 

magnitude of radius vector (m) 
altitude above ellipsoid (m) 
magnitude of velocity vector (m/sec) 
velocity heading angle (deg) 
time derivative of radius vector (m/sec) 
flight path angle (deg) 

angle -of-attack measured from the velocity 
vector to the projection of the thrust 
direction in the flight plane (deg) 
out-of-plane angle -of-attack measured 
from the projection of the thrust vector 
in the flight plane to the thrust vector 
positive toward the angular momentum 
vector (deg) 

control angles CHI .. , and CHI 

P ltch y aw 
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DEFINITION OF OUTPUT SYMBOLS FOR EACH PRINT TIME INTERVAL 


23. DALPN, DALPW 

24. DC HIP, DCHIY . 

25. VPER, VAPO . . 

26. SMA 

27. RASNOD 

28. ECC 

29. RCA 

30. RAOP 

31. GRADV 

32. ARPG 

33. TANO 

34. PERIOD 

35. MEOR 

36. SI, S2, S3 ... . 

37. SD1, SD2, SD3 . 

38. C3 

39. Cl 


time derivatives of ALPN and ALPW 
(rad/sec 2 ) 

time derivatives of CHI , and CHI 
(rad/sec 2 ) pltCh yaW 

velocity at periapsis and apoapsis (m/sec) 
semimajor axis (m) 
right ascension of the ascending node 
(deg) 

eccentricity 

radius at periapsis (m) 

radius at apoapsis ( m) 

gravity loss ( m/ sec) 

argument of periapsis (deg) 

true anomaly (deg) 

orbital period (sec) 

mean orbital rate (rad/sec) 

calculated outgoing asymptote 

desired outgoing asymptote 

twice the specific energy (m 2 /sec 2 ) 

specific angular momentum (m 2 /sec) 


DESCRIPTION OF OPTIONAL SUMMARY PRINT TABLES (QUANTITIES 

REQUIRED TO BE SPECIFIED) 


( 1) Print interval for parking orbit coast. 

(2) Print interval for first burn. 

( 3) Print interval for transfer coast. 

(4) Print interval for second burn. 

If the terminal condition is a circular orbit, the following tables 
are printed: 


a. Parking Orbit Coast 

b. Perigee Burn 

c. Conic Conditions After Perigee Bum 

d. Transfer Coast 
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e. Apogee Burn 

f. Conic Conditions After Apogee Bum 

If the terminal condition is an elliptical orbit, the following tables are 

printed: 


a. 

Parking Orbit Coast 


b. 

First Burn 


c. 

Conic Conditions After First Burn 


d. 

Orbit Coast 


e. 

Second Burn 1 

If second burn 

f. 

Conic Conditions After Second Burn ( 

required 


If the terminal condition is an outgoing hyperbolic asymptote, the 
following tables are printed: 

a. Parking Orbit Coast 

b. First Bum 

c. Conic Conditions After First Bum 

Tables 1-12 are examples of the different summary print tables 
available . 
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APPENDIX B 

EQUATIONS FOR THE COORDINATE SYSTEM TRANSFORMATION 
AND COMPUTATION OF ADDITIONAL ORBITAL PARAMETERS 
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0,-0 I 


DEFINITION OF SYMBOLS 3 


Unit vectors along the X, Y, Z (ephemeris) axes, 
respectively. 

Gravitational constant 
Inertial velocity magnitude 
Magnitude of radius vector R 
Inclination of orbital plane 
Argument of periapsis 
Right ascension of ascending node 
Indicates vector magnitude 
Matrix or determinant notation 


SUPERSCRIPTS 

Time derivative 
Hour (universal time) 

Indicates vector quantity 

SUBSCRIPTS 

Plumbline coordinate system 

Transformation from plumbline to ephemeris coordinates 

Indicates reference to X, Y, Z (ephemeris) axes, 
respectively. 


P 

1, 2, 3 


(5) 4 Transformation from plumbline to ephemeris coordinate system: X, Y, Z 
[3, 4] 


X 

Y 

Z 




Zp 


3. Undefined symbols used carry the same connotation as in Reference i. 

4. These numbers correspond to those numbering the output symbols of 
Appendix A . 
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T 



sin 0 cos K + cos 0 sin <p sin K 
- cos 0 cos K + sin 0 sin <p sin K 
- cos <p sin K 


cos 0 cos (p 
sin 0 cos <t> 
sin <p 


sin 0 sin K - cos 0 sin <p cos K 
- cos 0 sin K - sin 0 sin <p cos K 
cos <p cos K 


6 = (GHA) 0 h UT o> e t+ A 

GHA = Greenwich hour angle measured west from Greenwich at 0 UT of the 
launch day. 

0 UT = Zero hour universal time. 

A = Launch longitude (east through 360*) (279*395645) 

K = (3/2)ir-A 

A = Launch azimuth, <p = Geodetic latitude (28*6079927) 


t = GMT of launch, oj = Earth's rotation rate 

e 

GHA = 100* 07554260 + 0*9856473460 T + 2*9015 x 10” 13 T, 2 

d d 

T^ = Days past 0 January 1, 1950. 


= 360 

^e 86 164 . 09892 + 0 . 00 164 T 


deg/ sec 


T = Number of Julian Centuries of 36 525 days from 1900 Jan. 0.5 UT 
(Julian Date = 2415020.0) 


(7) Velocity components in the ephemeris system: DX, DY, DZ 


DX 


X 




Xp 

DY 

= 

Y 

= 

T 


Yp 

DZ 


1 


e 

_ P _ 


Zp 


( 10) Unit vector in angular momentum direction: Wj, W 2 , W 3 
C A = *1 A 2 + B 2 + C 2 
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A = Y& - ZY, B = Z& - XZ, C = XY - YX 



(ii) Unit vector in direction of periapsis: Pj, P 2 , P3 



IPI 
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(13) Latitude and longitude of periapsis: LATP, LONGP 



sin 0 = sin ( i) sin (o>) 

6 = sin 1 [sin (i) sin (w)] 

RCA = |RCA|, RCA^ lRCA xy 1 

RCA = RCA cos 0 

xy 

= RCA cos A 

1 xy 

P« = RCA sin A 

2 xy 




P t = X - component of unit vector in direction of periapsis 
P 2 = y _ component of unit vector in direction of periapsis 


r = rn E = Eo at t = t t. . = time at injection 

v inj inj 

r = a( 1 - e cos E) r t = magnitude of radius vector (R) at 

injection 


-£l = i _ e cos Eo E = eccentric anomaly 

a 


cos Eo = 




Eo = sin 

cl 



0 = true anomaly 


M = n(t - t) = E - e sin E M = mean anomaly 
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t = time at periapsis passage 


Eo - e sin Eo 
n 

Time increment past periapsis passage for r = r t . 

2 IT 
n 

t = T - (t . - r) = Time at periapsis passage 
P mj 

The t value used should be that time of injection computed on the 
inj 

last iteration of a converged run. 


(t. . - r) = 
mj 


Period = T = 


LOCATION OF GREENWICH MERIDIAN: 


EQUATORIAL 



LONGP - A [GHA + cu (t + t. . + t ) ] 

e mj p 


(26) Semimajor axis: SMA 
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vf _ _2_ = _ J_ 

M r a 

_ 1 _ _ 2_ _V^ 2^ ~ rV 2 

a ~ r ” m Mr 


SMA = a = - - ^ - r ■ V ar 
2m - r\r 


(27) Right ascension of the ascending node: RASNOD 


W = Wj = sin sin i = — 
x 1 


• o -El 

sin S2 = “T— \ 
sin l 


cos = 


W, 


sin l 


-i / Wh 

RASNOD = J2 = sin -r-b 

\ sin i 


RASNOD = S2 = cos 


-1 / W, 


sin i 


(28) Eccentricity: ECC = e = \ 1 + — 5 - [C 3 (r 2 V 2 -r 2 r 2 )] 


(29) Radius at periapsis: RCA =a(l-e) 


(30) Radius at apoapsis: RAOP = a ( i + e) 


(31) Gravity loss: GRADV = V - AV 

c 
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V = V Ln 
c ex 


1 - t 


V = I (g ) 
ex sp o 


W 


f = 


\v + w 

f p 


W = weight of propellant burned 
P 

W = final weight of vehicle 


A V ‘J y2+2 " (r - T t 


-v 


r. = initial radius 
1 

V = initial velocity 
r^ = final radius 


(32) Argument of periapsis: ARPG 


P z = p 3 


Q„ = Qs = w, p 2 - w 2 p, 

z 


sin a; = — — ; 

sin l 


Q. 


cos co = — : — r 
sin i 


ARPG = co = sin 


/ p 

-1 I z 


sin i 


ARPG = co = cos 


, Q 
-U * z 


sin i 


(33) True anomaly: TANO 


TANO = 9 = cos 


-i 


a ( 1-e 2 ) - r 
er 
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(36) Calculated outgoing asymptote: S 4 , S 3 



P = i(Pj) + j(P 2 ) + k(P 3 ) 


i ) k 

Q = W x P W, W 2 W 3 - i< WjP s - WjPj) -](W,P S - W 3 P,) +k(W,P a - WjP,) 

P, P 2 P 3 

s - -±- [kpp - j (P 2 ) •* k (P 3 )j + i(W 2 P 3 - W 3 P 2 ) 4 j (W 3 P, - W,P 3 ) + k (WjP 2 - W 2 Pj) 


Sl = -(-7) Pi + ’ e— 1 L (W 2 P 3 -W 3 P 2 ) 

s 2 = -(—) 1* + ^ |e2 ^ 1L (WsPi-WtPj) 
s 3 = ) p 3 + ^ |e2 ~ - 1 1 (WjP 2 - w 2 p t ) 
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APPENDIX C 


ADDITIONAL INPUT VARIABLES REQUIRED AND 
INPUT DATA LISTINGS 



Program Input Description 


Input for ROBOT modified for the special printout shown in Appendix A 
is the same as that in Reference 1, with the addition of the following input 
variables: 


Input 

Symbol 

Internal 

Symbol 

Explanation 

AAETC+50 

EPRNT 

= 1 if special printout is desired 



= 0 is normal ROBOT printout is desired 

AAETC+24 

RA 

Right ascension as measured in ephemeris 
coordinates (deg) 

AAETC+25 

DC 

Declination (deg) 

AAETC+54 

MO 

Month of launch 

AAETC+55 

IDAY 

Day of launch 

AAETC+56 

IYR 

Year of launch (years since 1900) 

AAETC+57 

HOUR 

Hour and minute of launch (military time) 

AAETC+58 

SEC 

Fractional minutes of launch time 


expressed in seconds 


If summary print tables are desired, the following variables must be 

set. 


JRBETC+7 


The thrust event number where tables 
begin 


JRBETC+29 


= 1 if the cutoff condition is a circular 
orbit 

= 2 if the cutoff condition is an elliptical 
orbit 

= 3 if the cutoff condition is an outgoing 
hyperbolic asymptote 


Input Data Lists 


The following lists give the input data for the terminal conic constraints. 


INPUT DATA LISTING FOR TERMINAL CONIC CONSTRAINT (V, y, r) 

! m p u t : 

me AD» ( BKADFORt-CHKQiIT TERM, CUTOFF 5 ' IV E A C E S AND TRANS, EQS.C 

F^n. ,q, , 205000 . ,o.-, 205000 . , 

TNE*8« J , I 
T N t *\ 6 ■ 1 . , 

XMO»0. »tr. , 98 1 . 22ot 5 ,o. .Rot ,720 1 5 , 

T A U T * Q * « 0 . ,263.3, (8 6 ‘*3* ! * 9 7 * 5 t 
NO f V N T ■ ] , 1 , 1 , 1 , 1 , 

PRINT»50. ,50. , in. ,5P. , 10 , , 

STEP* l 6. , 1 6* ,8* , 16. ,8. , 

AAE.TC-1 15, , 

t A FTC*6« , 9 , 

A AE TC*8»20 9 t 63 . 7 , 

JPBETC-1 ,2. 0,3,3, <4 0, 

JRUETC*! «■*» , 

KOB.0 ,0 , 1 , t , 1 , 

NRGCT*3,S, 

\'FNDCt*9 , f , 

NP-26,25,0,0, 

TTBL«0«,13l.,?63., 

CPTBL*2»A09,2.79n,2.B69, 

CYTBL-. 00132,. 0052, .0085, 

TTBL*50«1R 906. ,18997. ,19 00 3,, 

CPTRL*5n«-.380,-.378,-,775, - 

CYTBL + 50*-. 00059, -.00058, -.00 069, 

VIV«6966. 323, -3890. 038, -107. 378, 29Mil37,,c,8668H3,,-9l2M2,,0. 

KCOPMi ■ 1 ,7,3,8, 

PSIRE<3«3 07 1 • 909 6 17,0. , 82280000., 

W I B T * 2 » ,.7,2. , 

■TRftff T C»2 9 « ! , 

JRBETC + 7* l , 

AAETC ♦59-8. ,6. ,7 3, ,1938. ,15. 85, 

A A ETC ♦SO* t. , 

AAETC+29»1 5.55,31 .59 , 


INPUT DATA LISTING FOR TERMINAL CONIC CONSTRAINT (V, y, r, i) 


INPUT : 

Hfc AD* ( ROONfc Y BRADFORD MODIFIED CUTOFF SURF ACES AND TRAfJS. ( 
F*U. iO. • ZOSOULV. ,U. . 205000. , 

tne*b* i • » 

TN£*16*1 . , 

X MD*0 » , □ • * <4H 1 .22015,0. , M B l . 2 20 l 5 » 

TAUT*U. ,769. 05, 263. 76, 18*61. 96,101.16, 

N 0 E V N T * 1 » I • 1 • 1 * I i 
PKlNT»5U#»5C*#iJ0..50.»ir., 

ST£P*i6.»16. « 8 » *16. i 8 • , 

AAETC* 1 IS., 

AAE706*. 4 , 

AAtTC*B*2P*n6 8.7, 

JKBETC*! *2, 0,3, 3, *40, 

JRBET C* l 8**4 , 

K DB*U , 1 ,1,1,1, 

NB6CT *3 , S , 

Nt NDC T **4 » 6 » 

NP*25 ,25 .0,0, 

TT8L*269»S5J »*iDl .*430,533.309, 

CPT 60*2.389, 2.513. 2. 6*42, 

CYT BE*. 0759, .0783, .0800, 

TTBL + SU* 1 9395.11*4 , 19*495.62 , 1 9996 . 20 , 

CPTBL* 50 *-.6317, -.6291 ,-.6265, 

CYTBL+SO*-. “389,-. 6389, - . 9 3 P 9 , 

VlV*6966.323,-3*49n.n3*4,-lfj7.37e,29 t U13 7,,S866B‘i3.,-912‘42.,0., 
W 1 B T • 2 . ,. 2 , 2 . , 

KCDPHI *1 ,2,3,9,10, 

PS I REQ*307 1.9 096 17,0. ,922*400 00. ,50. , 

JRBETC+29* l , 

JKBETC* 7*2 , 

AAET058*e.,6.,73.,l**3P.,15.8S, 

AA£ 7 C* 50« 1 . , 

AAETC*29* 1 5.55,3 1 .59, 

JKBETC* 1 0*1 , 
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INPUT DATA LISTING FOR TERMINAL CONIC CONSTRAINT (Ca, Cl) 


! nput : 

HtAO«(BKAUFOSO*CH(COUl TERM. CUTOFF SURFACES ANO TRAMS* XOS-.1 
TZEPOMOO. ,0. » 0 • »0, ,U< ,0. » 

F • 0 . |0. ,20SUU0. , 

X MO ■ 0 • I 0 • » 9 8 1 * 2 ? 0 1 & , 

T N£ + 8* l . . 

TNE«-16»I . , 

T AU T *0 » »0« . 2 6 9 • , 

NOEVNT ■ i ,1,1* 

PR I NT«50. »$n. t I 0 • » 

S1EP«16* . 1 A* »e. , 

AAETC-1 15. , 

A*ETC+6*.9 , 

AAETC*»*2«9 1 68.7 , 

JK 8E T C * 1 ,2,0,3,3,80, 

JKfiET C+ 1 0* 1 , 

KUB*U,0, I , 

NB&C T * 3 , 

NENDCT»9 , 

NP-25 , 

TTBL“100. 1,231., 363. , 

EPTBL«2.6U9,Z.790, 2.869, 

CYTBE-.CHH 32 , .0052 3 , .00858, 

V I V-6966. 3 23, -3990. 039, -107.378, 299 1 1 3 7. ,5866893* ,-91292. ,0. , 
KCDHH1-1 , b , 6 , 

PSJREQ«-1A.32A«288EA,67.909A207F9, 

JRBETC+7-2, 

JRBETC^29* Z , 

AAETC*50«1 . . 

AAETC+29*! 9.38, 

AAETC*59«8. ,6* ,7 3. ,1938. ,1b. 86, 


INPUT DATA LISTING FOR TERMINAL CONIC CONSTRAINT (C 3 , C t> i 5 ) 


<0B»0 ,0,0, 1,1, 
ft I BT*« l , 1 « , 

KCDPH I » 1 ,5,6,10, 

PSlRE<J«-l4.3248 2 88E4,47.9Q94 207E9»50.» 


5. Run as a "stacked case" behind terminal constraint (C 3 , C t ) input data. 
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INPUT DATA LISTING FOR TERMINAL CONIC CONSTRAINT (C 3> a , 6) 


input: 

HFAD-(BRADFORO*CH<OUT tFRM, CUTOFr StJtfEAffS AMO TRANS, FQS,( 

T ZERO-O. ,0. ,0, ,0. ,0. , 0, , 

NBGCT-3 t 

NFNDCT-M , 

NP-25 I o , n ,o , 

PRINT-50. » 5 0 • » 10. , 

STEP-16. , 16. » 16, , 

JRBETC-1 ,2,0.3,3,90, 

AAETC+A-39798.7 , 

KOB-O . l , I , 

TTBL-0. ,<460 . . 

CPTBL-3. ,3. . 

KCDPHI « J ,5,18,19, 

PS I REO- 1 B .E6 . H. ,0, , 

F - 0 * ,0. ,20000., 

TNE-8- 1 . , 

XND-0. ,0. ,69. , 

T AUT-0. , 735. . *460 • , 

AAETC-29-15. 55,31 .59, 

NOEVNT-1 ,1,1, 

AAETC-l IS., 

JRBETC+ 1 0-1 , 

VIV-69AA. 323, -3<49p. 0 3 m. -107*378, 29335 U 6. f, ,-506951. 3, -J07S1P. 8,0. » 

VIV + 3-2991 137. ,5966893. ,-912*42. , 

A AET C*50- 1 . , 

AAE TC *5 9-8. ,6.»73, ,1938. ,15.85, 

* I BT -2. , 8, , 

T AUT-O. , 1500. ,956. , 

TTBL- 1 500. ,5000. , 

C P T#t-* 3.68,9.37 , 

CYTBL-O. ,0. , 

JRBFT07-2 , 

J R BF TC ♦ 2 9-3, 
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APPENDIX D 

UNIVAC 1108 FORTRAN LISTING OF SUBROUTINE APRTN 
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SUBROUTINE APRTM ( * MI ) 

CO“ VON/COMT ST /CC.NTS T , STATE ( 15 , 7 ) 
rnvvrjM/ XTR A /GHA ,0" rr: AL .HOUR 

COMMON /EPRNT/FPRNT .OHIPS , CHI YS • ALP'-' , ' L P N , .*,LP"S * '■ L P ‘ I f , DCH IP* POh T Y * 
i PALP u *DALPN,T r P ( •> , * ) , 'Hi , cn? , cn? , T c av 
rOMVON/GPAV/OT^ *C1 1 *02? .G? -5 *00 a 
r rv 'MON / ALONGO/ AL0*'O'' 

CO‘ ,m O'!/CI:IROL/TCHIP,FA? .CHROOT 
CO'-'VCM/SPHI / CP HI * C n ! J I 
C O'' "''C N / N T A B L E / ’ ! T -V’ L c 

CCMVQN/REST/JSTR .NCNRS » SCORES t 6 ) »TR.LG?»*IF8» .VCP AR , : » I 'ST (17) 
(-nv'-or'./COMST/P a O,P! ,BF,FL1T*CJ*H*OJ,C M IIF*0»EO-*.,ALT1 *ALT2*PSL 
COMMON /AGEM /T I**F( b *1 4 ) *TAMT 1 15 ) ♦ T A' ( 1 5 ) »T7rR0*T n R40*TLI r T *TTILT * 
1 ’ TCHFRZ *DTZ*TO»TL*Y'‘Al'G* A Nr ( 2 ) , TN r ( 4 , 1 5 ) , *E (] S ) , c {] 5 1 , '■* n ( 1 A ) , 

? w JET < 15 ) »XVDM 5 ) ,F( 15 ) »CHIFRZ»Hr*-:'>n 5 ) ,PR r;T(I 5 ) »STEP(15 ) » 

7 u>n“ ( i ? j ,uv'av (if) 

COMMON/ \GEN2 / V A * 5 A , r A , ALF * f, I C, ♦ SS I 7 ,C5 1 0 * CH I P * SC” I P »CCH IP.CHIY, 

1 SCH I Y.CCH I Y.THZ .STH.CTH.THGT . THFTL .STHL.CTHL .OPHIZ ,G?*GTH, 

2 RTHE*RTHZ .R.R2.VP.THR.X SXVDOT * G v.SU 7 ,J7 , V Z » x Z ,YZ»ZZ* V RZ * 

0 VI V f 8 ) * 0VARM7), O r L XD V (15*3 ) ♦ r 'FLXDR(7) , ''EL y .o ( IS, 7) , EX I T » 

4 DRAG! , CH I OOT » ••-'ZFP^ * C7EP0 * * I. T, RHO, p am, Sc,xmaCh, 0»^00T, CAy.CNP.CN. 

5 FA A * F AN , FX * FY * FZ * ' ( 3 » 3 ) * !3L ( 3 , 3 ) ♦ 30 ( 3 , 3 ) » D ( 3 ♦ 3 ) ,DQDX (6 ) .CASE . 

6 CT2.UVF. A 1 2 * A22", A37U.X JFXT .GNU ( I'M ,K I NO? . KRDFRP , OFi I , b YL , 

7 "h><ax M 5 ) »PH M N CTf7 P ( 1 !5 ) 

COMMON / AGEN3 / IORR.ITMR.I HD ♦ I 'OCH I » IXR. JCR n , J j- p , < AT ,'CCST, 

1 KCYTAB,KDIR.KPAGF,KPRT.KS1 ,< '.'TA.LINFS.NGGCTI 4) . NENDCT ( 4 ) »NMAX» 

2 NOEVNT (5 ) *N0TRAC,N0'-O( 15 ) . NVNT . MVRST . N /'VNT 

CO''MCN /FOR I NT/.UP ANY ( 2 ) » T » T T » '. ' » ' ) , V » X , Y » 7 » X m I , A H T * D V A R ( 8 ) * 
lFSAVEt 23" ) .MTRG1 , TV1 .NTRG2.TV2.NTRG3.TV3.NTRG4.TV4.NTRG5.TV5* 
2NTRG6 . TV6 .NTRS7 » TV7.K I ND.K R^ER » ff, J » FL . 'YL .fl'NX » (■)*•**• ,!HM m 
COm-on/BAKINT/PP ANi; ( 2 ) . T BK . T BY D » YL ( 7 * I " ) . YLD ( 7 . ID ) » f? S AVE ( 1 3 5 0 ) . 

1 NBTRG1 »TBV1 » NBTRG? * T PV2 » NBTRG3 * TP V3 » NBTRG4 ♦ TP-V 4 .N3TRG5 * TBV 5 » 

2 TEND. DTP. 4. DlJ 3 ,D2 3 ,043 .u I S SO ( 10, 1 A ) 

DIMENSION a>to( 4 a ) , f 6 ) 

LOGICAL CON T ST 

DATA (R ID ( I ) .1=3,40) / 6 HL I FT-O. 2HFF . 6 HIGN I T I * 2H0N * 6HB00ST »6H IMPACT, 
16HTHRUST.6H EVENT. 6HENC- CU.4UT0FF »6II'’-FGI N » 4HT I LT . 41 IFND .4HTILT ♦ 

? 5HSEP.AR A , 4HT I ON » ftHST ART .5MCO.AST.6HFMO C0.3MAST ,6M10 KMS,1H.» 

7AH1 4 <MC ,1H, , 

36HO maxi ,3HMU M .6HIMJECT»5HICN » 6HBFG I N .6HCHIFRZ » 6 - l''E IGHT * 

36H DROP , 

46HREG I N , 5HMI N-H , 61! END AT * 3H'*0S » 6HRE I GN I ,4HT ICA!/ 

DATA(RID(I) ,I«1,2)/6H ,6H / 

I F ( LSB • EO • 1 ) RETURN 
r*A7*««S(FA7.-AA) 
ou T P = D A Z 

I F ( T.GT .TCHIR )CH1 R=oAZ-ARS (CHRDOT ) * ( T-TCHIR ) 

IF ( CHIR.LT.O. ) CH ! R=0 . 

OH I R = CH I RESIGN ( 1 . ,n*Z ) 

X'*sX*-'I+XVAUG 
D( 1 »?) =X/R 

n(7,7)=V/9 

D(B.?)=7/R 

CTH = A ( 1 , 2 ) »D ( 1 , 2 ) +A ( 2 , 7 ) *D ( 2 , 2 ) +A ( 3 ,2 ) *D ( B , ? ) 

SPHl*AU,l)*r>n»?) + A(2,l )*B(?»?)+A(3»1)*D(3.2) 

CPH I = A ( 1 .3 )*D( 1 ,2 ) + A (2.3 )*D( 2.2 ) +A( 3.3)*0( 3.2 ) 

PH T = A T AN2 (SPHT .CPmt ) 

IFtT.LT. .1 )Pmi=DTZ*OMFGA 
XNODsPHI 

TF(Phi .LT.o. l PH I =PH T +2 * *P T 

PHI = (PHI-O v FG‘A»( T + OTZ ) ) #R AO-ALONGO 
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VI = ( I '#v+< '*n + V*V ) ** . c 
It A“ = ( '•'*y+' !*v+v *7 ) / ( o»yj ) 
r. jm = ad'< t T M ( G V , J j 

I F ( G AM. 6T . P I ) « "~2. *P I 

Cl =VI*R*P OS (GA” ) 

G A “s'; A*A*P A Pi 

rt-\j 

Tmc=tuP 

I=-( Topp. i-p. n )'-.-' TC 

TH C =THF-FX I T*P 

CH I P = A T A M 2 (FCMin.CH'IP) 

ALFP=ATA k ’2(F'''» c ")- r MIP 
ALPY= ARYC ir t «;\//\/p , T C P ) 

CHIY = ATAM2(. < 5CHIY»CCHIY) 

I c ( <-m TY.PT.PT ) '■'IT y-i-M I Y-?.#P ! 

G f g = a d y ; c t m ( c c y r , T r o ) 

?Acr, : <;jr.*DA'' 

7 n f o M T I M U c 

XLACC= ( THF-FAA ) /X’-1 

rpoGsOI-HP^RAO 

CYPCsCHI Y*RAO 
I e ( I n RR . r D . 1 ) r ~o TO to 
G',.1 = I.|_ ( 7 *A-72'-/-Y* AO?'-' ) 
tMsil- ( x*A"*2 v -7* A 1 7" ) 

G\/ = V- ( Y * A 1 7'-:-y*A 771. 1 1 

VR= i C W*F' ■ + S , .’* C "+FV*«V ) #*. 5 

TE*'P = ( 'Y*CCH I Y *FCH I P+U#CCH I Y*CCI 1 1 P+V*'jCH I Y 5 /V! 
ALF*ARKCCS(TF"P, IFR) 

alfp = at a r ? -chip 

A F Y s A R X c I N ( V/V'T * I rn ) 

TF“P = R F 

IF ( JORP.FQ.O )TFMpsii“F*RE / (mmf* ! JMF*( 1 • — CT 2 ) +CT2 )**.E 
ALT = P-T r ‘‘P 
70 ALTP=ALT 

AOFG= ALF#RAD 
ALFPsALFP*R AO 

A L F Y s A |_ F v #<? A p 
THFP=THR/4.A4B7?16? 

XvlP = XY/ .4F7SP777 

T I FP = F ( ITHR ) / ( oz r Po*X“0( ITHP) ) 

STH = ( 1 » -CTH*CTH ) **.5 
pcjH=R*^TM 

P(l*3)=(r(l,2) *CTH-A (1,2)1 /FT I- 1 
D(2»3) = (P(2»2)*CTH-A(2»2) l/STIT 
D(3*3)=(D(3»2) *CTH-A (3*2) ) /FTH 
D( 1 ,1 ) =<-Y*A(3 ,2 )+7*A ( 2*2 ) ) /RST*| 
o< 7 , 1 ) = ( X*A ( 7 ,7 )-7*A ( 1 ,? ) ) /PSTH 
o(7,i j=(-x*A(?,?)+v*A(1 ,2) )/RFTW 
VTH = D (1,3) *’\'+D (2,3) *U+D ( 3 ,3 ) *V 
VPH = 0 (1,1) *'M+p (2,1) *U+o ( 3 , 1 ) *V 
X I =-VTH/ c ORT ( VTH*VTH+VPH*VPH ) 

47 = AR<CO c (XI , I r R ) 

THET=ARKCOS (CTH, IFF ) 

THETA=90.-THFT*RAD 

THETG= ATA M2 ( F I M ( TH r TA /RAD ) ,'/YF*UMF*COS ( THET A/R AP ) ) *RAD 
X I MCs ARKCOS ( FIM( AZ ) *51*' ( TH C T) * IFR ) 

XNOD= ( XMOD+AT AN2 ( CTH*VPH , VTH ) ) *R.AD 
IF ( XNOD.LT.O. ) XN0D=XPOO+360. 

X I NC = X I MC*R AP 
AT = Ao.F ( C MI iE/07 ) 

p=Gl*rl /I-" I 'P 
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EC r =1 .+P*C3/C‘-'iF 
IF<*rr.LT.o. TO ->1 
rrr = c;n|}T ( c rr ) 

IF(RF-P/ (I .+F'T) .LT.PF/1 n. TO 1 1 

OFT A »!'•'= ( P-P ) / (p*FFr ) 

F T A N 1 ' 1 = A R X C 0 S ( C f T A U'-' , I E ° 1 
CET ATN= (P-RE 1 / (RE*FCC 1 
FT'TNsARK'COE (C r TAT*" , IFR ) 
np | cj a= ' n 5 ( C T * T V - C T A 

IF (G'M.GT • p • 1 '"^L C T A = 2 . * ( 3 1 - FT A MU 1 +^ r L r T A 

PAfi'AU- pr' , <("\C(('1-r> 

IF ( G'M.LT » r • )AACH^-2,tPi.or,c^y 

Qr.c TH f,|-2.*PI-APi'rOF ( ( .* l-RF ) / ( A l#rrr , , T rp j 

nc| n OF-n o. r THM—np r 

OTT = (nEL r GF-Frc # ( S t *| ( FGFTHM ) - S I N < or,c NO v ) ) ) /FORT ( C'VE/ ( A 1 *A 1 * A i ) ) 
THT1=AR<CC5 ( CTH*CCS ( DELET E ) •t-STH*SI "J ( DELLT A )*COS( A Z) »IFR) 

OLDHI = ARK f I m ( FI "! ( P-ci.FTA 1 * S I '■) ( -A Z 1 /SIM! T ! ' T 11 ,IER) 

PH f '*P = PH T + ( "•LP L? I -■'' , ‘ r F u^T I ) *R 
TH I ”P = 9 r ’ . -THT 1 *R AO 
01 A7='7*Rah 

50 IFILINES 155*55, 6"’ 

C '-'RITE HEADER 

fr yp » n,c = vp * Fi c ’+ 1 

UP T TF ( fc ,56 ir.'«, (ufp^( n , fs] , i pj ,KP\r-r 
56 FORMAT ( 1 1 * 1 , 6H RO^OT , 2X ,6HC ASF = , F 11 . A , Ox , 1 0 Afc , I * X , AHP AGE , I * ) 

(_I MCR-R4 

6 0 IF(FPR*-'T.*IF.n. IPO T p PI 

VRITFI 6,61 ) R I D ( M ) .RI'MUH ) ,T,VI , VR , THl , XL ACC ,X ,Y , Z *V » ALT P , 
lX'VACH , FA A , AD EC , SPEC- , CPDC , CYDG , R , XM»C , T I 5P , F AN , TH I HP , PH I HP , T HETG , 
2X1 NC , XNOD » SV » S!' » 5V , AH I , GA’% THEP , x -L'"* ,C1 , C3 , THET A ,PH I ,AZ 

61 FORMAT! /1X,2A6,6H T P’E , El 5 . 9 , 6H VSUO I , r l 5 . 8 , 6H VF'.HR »E15.8 » 

16H THRST »E15.8»6H L ACC , El 5 . 9 , / I 3X , 6H Z 1 3-X , E I 5 . 9 , 6H X13-Y,F15.8 
26H Y13-Z, r 15.9,6H Z p 1 °'- 1 * E 1 K . 9 , 6H X* 1 3" * E 1 5 . 8 , / 1 ’ X , 6H YD13V,E15.P 
36H ALT , F 1 5 . 9 * 6H M ACM , FI 5 . 9 , 6» J F A a , F 1 r - . 8 , 6H A LPH A , r 1 5 . 8 , / 1 3X 
46H F I G v A,F15.3,6H HIIP ,F1 5.9 ,6H H 1 1 Y , El 5 . 8 , 6H R. r 15.8, 

56H MASS »F]5«9,/13x , 6H 0,F15.S,6! ISP,E15.9,6H FAN.F15.8. 

66H LT IMP » E15 • 8 * 6H l m G m P »E15.8,/I9X,6H GDL AT , E 1 5 . 9 »6il INCL.E15.8; 
76H MODS * E 1 5 » 9 , 6H .F'-».E1 5.8 ,6H 

96H AH I , F15.8 »6H GAM, FI 5. 9, 6H 
Q6H C I , E 1 5 • 8 6 H C3,EI5.9,6H 

P 6H AZ.S,F15.8) 

L T mf c=l I HES- p 
IF ( MTA9LE • EO. 3 1 RET' !PM 
j F ( mmax.mf, n ) ditt? 'Dm 
C 

C*** '-'RITE OUTPUT FOR REPORT 

G A*'R= ( SU# X + SU *Y + e V* 7 1 / (R*VR ) 

FH’As ARY a t m ( r,A-A , y ro ) 

I F ( G AMR .FT . P n F AMP-r. A'"?-? , *n T 
P* ,, Q=G A’*P*R AD 

*lfo=alf*o 
CPDG=-CPDG 

WR I T E ( S 1 R I D ( M) , R I D ( M+ 1 1 , T , V I , VR , G AH , G A. ‘R , XM , XHLO , THE « T H EP , 

A XLACC,ALTP,R,XM;ACH,Q,ALFP , ALFY, AZ ,CPDG , CYDG , CH I R , AH I *X,Y»Z, 

P '•VJ»V,*LFO,THET A,PIII » ( OVA. R ( 11,1 = 1,3) 

RFT'JRU 

C*** VELOCITY IN FPHEMEPIS SYSTEM 

91 nvF = T c P( 1 ,1 ) ■*"+T p P ( i ,2)*M+TFP( 1,3)*V 

r'ivr-Trr>»-<.i vxuiTTii , ,"i \ »M4.Tro( i ,, | »'/ 


SU , E 1 5 . 3 , / 1 0 X , 6H Sv , F 1 5 • 8 • 

THEP , El 5 . 8 , 6H X".L P *F15.6,/13Xi 
LAT,E]5.8,6H LONG»E15.8, 
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DZE=TEP ( 3 * 1 )* +TFP ( 3*2 ) *!J+TEP ( 3 *3 )*V 
r *** POSITION IN FPME"S rT ’IS SYSTEM 

X p =TFP (1*1 >*X + TEP M ,2 ) *Y+T EP ( 1 *3 )*Z 

Y C =TEP(2»1)*X+TFD(?,2)*Y+TFP(?,3)*Z 

ZE=TEP ( 3 , 1 ) *X+TEP ( 0 ,2 )»Y+TEP ( 3 . 3 )*Z 

TEMpA=YE*DZE-ZE*DYE 

■fCMpn = 7F*nx r -X r *07P 

TF‘<Pr = XE*nYE-YF*nxP 

C1E=1./ (TEMPA*TEUPA+TEWPB*TEMPB+TEMPC*TE>'PC ) **.5 
C*** UNIT VECTOR IN ANGULAR MOMENTUM DIRECTION 
W3F=TFMPA*01 e 
u/?c = TF M P p *ClF 
W3F=TEMPC*C1E 

c*** rdot 

RD= ( W*X+U#Y+V#Z ) /R 
TEMPA=VI*VI-CMUE/R 
TE V PB=R*RD 

PEMP1=XE*TEUPA-TEMPR*DXE 
PEMP2 = YE*TE*'P A-TE*1PR*DYE 
PFMP3 = ZE*TEMPA-TE‘ /, Pn*DZE 

PR ARMU = ( PEMP 1 *PE‘''P 1 + PE"P2*PF"P 2 + PE '.P3*PE"P3 ) »*.? 
C*** UNIT VECTOR IN DIRECTION OF PER I APSIS 
P1F = PEMP1 /PRAR-’U 
P2E = PEMP2/PRAR V 'U 
P3FrPE-'P?/PRAR-U 
C*** SE M IVAJOP AXIS 

S V A*A3S (CMUE/C3 ) 

C*** RIGHT ASCENSION OF ASCENDING NODE 
W2'*=— V.’2 E 

R A S N 0 D = A T A N 2 ('.'IF * V 2 " ) * R A D 
C*** ECCENTRICITY 

TEMPE=C3*R*R/ ( C"JE>C?'UE ) 

eccte: 1= ( i.+te;:pe*(vi*vi-Rd*ro) ) 

ECC=0. 

IF ( ECCTEM.GT lCC = ( LCC T ZV )**,5 
C*** RADIUS AT PER I APSIS 

RCA=A3S(SMA*(1.-ECC) ) 

C*** RADIUS AT APOAPSIS 
RAOP=SUA* ( 1 • +ECC ) 

C*** VELOCITY AT PERIAPSIS 
VPER=C1/RCA 

C*** VELOCITY AT APOAPSIS 
VAPO=C1/RAOP 

C*** CALCULATED OUTGOING ASYMPTOTE ( SI >S2, S3) 
TEMPAR=W1E*P2E-W2E*P1E 
TENSl=-( 1 ./ECC) 

TEMS2=-< A3S(ECC*ECC-1. ) )**.5 
S1=TEMS1*(P1E+TEMS2*(W?E*P3E-U3E*P2E) ) 

52 = TEMS1*(P2E+TEMS2#(V-’3E*P1E-'\'1E*P3E) ) 

53 = TEMS 1* ( P3E+TEiS2*TEMPAR ) 
SBAR=(S1#S1+S2#S2+S" > #S3)**. 5 
S 1 * S 1 / S B A R 

S2=S2/SBAR 

S3=S3/SBAR 

C*** ARGUMENT OF PERIAPSIS 
ARPG=ATAN2 ( P3E . TEMP AR ) 

C*** TRUE ANOMALY 

TEMPT =ABS ( SNA* ( 1 .-ECC*ECC ) ) 

STANO*TEKPB*(TEMPT/CMUE)#*.5 

CTANO=TEMPT-R 

TANO = ATA.N2 ( ST ANC » CT ANO ) #RAD 
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C# ** X^Ii^Ct'E/S A*- 3) **.5 
PERI0D»2.*PI/XVEGR 

C**# ACCELERAT 1 0.4 CG'.P* IN PL'J • ilL I N L SYSTE.. 

DDXP«DVAR(1) 

DOYP*DVAR ( 2 ) 

RD2P*DVAR(3) 

IF( JORu»l>j.S )G0 TO 501 
DDXPG=X*G1 1 
D0YPG=Y*G1 1 
DDZPG*Z*G1 1 
GO TO 502 

501 DDXPG=X*G11-A(1»2)*GTC 
DDYPG=Y#01 1-A ( 2 ♦ 2 ) *GT 0 
DDZPG»Z*G11-A<3.2 )#GTC 
C *** GRAVITY LOSS 

5 02 IF(T.EJ.TZERO)VZC=< •;Z*..'Z+UZ* JZ+VZ*VZ >**.3 
D'j:4B«(l»/KE-l./R) 

IFO'j:',ii.LT..j. )DJ:-'S*C . 

OVSTR* ( V I *V I +2 . *C : JC* Ol/'.VG )*». 5-VZE 
DEL*lvZEKC/ ( Xf',+'\'ZERO ) 

VEX=TISP*GZERC 
VC*VEX*ALOG( 1 • / ( 1 •- r, ' 7 L ) ) 

GRADV*VC-DVSTR 

TE,YPX«XI.\C/RAD 

XLATP«(3IN( TE .FXMSIRIARPG) )#i;AU 

XLNGPsT. 

IF(.N0T.C0NTST)GC TO 6~2 
Tc: , LA':=ATA, : ';2(P2C.Pir) 

FLIGHT aARKCCS ( C f-."A-R > / ( rr.A*ECC) . I -TR ) 

SFNGHT=S I N ( ENGHT ) 

TTAU«TEND-( ( ENGi IT-E<'C«SF*)GHT ) /X*!73 P. ) 

TTP=PERICD-( TEND-TT AO ) 

xlngp* ( te,,la;i- ( gi u/r/-.i;+o. : ;lgal*< . !Cur«36::-j . »• r c;-:d+ttp) ) j *rau 

603 AXLN=A3S ( XLNGP ) 

IF(AXLN.LE.360.)GC TO 602 
XLMGP«XLriGP-360.»5ICN( 1..XLNGP ) 

GO TO 603 

602 IF(KS1..NE.7)G0 TO 6"1 
DCHIP“CH I OCT 
DCHl Y=0» 

601 IF(TV5.EC.TC!IFRZ)i:Ci;IP = 0. 

ARP3»ARPG*RAD 
APND=ALPN*RAD 
APWD*ALPW*R AQ 

dchpd=dchip*rad 

DCHYD»OCHI Y»RAD 

dlpnd*dalpn*rad 

DLPWD=DALPVJ*RAD 

WRITE! 6.64 )RID(N) »R 10 ( N+l ) »T »X .XE . "J »DXE» R »X ! . Y . YE »U » DY E » 

1 ALTP .Xf'LLt »Z »ZE * V » DZE ♦ V I .0 JXP . OOXPG . . 1 C.P IE . TilCTA.RD. DDYP . DDYP3. 

2 W2E.P2E.PHI .GA/.ODZP.DDZPG, W3E.P3H. ‘.Z.VPER 

WR I TE ( 6.65 ) XLATP * CPDG »APNP .OCiiPU » OLPMt; » VAPO * XLNGP .CYOG » AP‘:D * DCHY!' . 
1 DLPV.'D .GRADV »S.".A» C3 » Cl » ECC *RCA» R ACP *X I ‘!C .RASNOD » ARPG * T ANO . PER I DP 

2.XVE0R.S1 .S2.S3.S01 .SD2.S03 
LI NES*LINES-14 
I F ( NMAX.NE. 0 ) RETURN 
IF! ITHR.NE.NTABLE) GC TO 301 
TZ*T IME ( 1 .NTABLE ) 

DO 302 1=1.6 
IZ=NTAGLE-1+I 
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APPENDIX E 

UNIVAC 1108 FORTRAN LISTING OF SUBROUTINE TRASH 
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SUBROUTINE TRASH (MODE) 

DIMENSION OFF (2) *TITLE( 17) * A < 7 ) .S( 15) ,0R9L< 10) »TE (6) 

STE!-1P».5**2A 

DATA ( OFF ( I ) »I=1»2)/6H »6H / 

DATA ENDPRT /6HENDPRT/ 

DATA BLANK/6H / „ _ . „ 

DATA(TITLE( I ) .1=1.17)/ 6H P.6HARKING.6H 0R13IT*6H C0AST*6HPERIGE 

1 ,6HE BURN »6H CONIC. 6H CONDI .6HTI0NS .6HAFTER .6HFIRST .6HBURN . 

2 6H TR .6HANSFER »6H APOGEE »6H BURN .6HSEC0ND/ 

NOT « 1 

SCO REWIND 9 

RcADt 9 ) EP.T.R.VI » AZ »PTH »LAT .LONG.S .0R13L »XMKG »XML3 .TZ.TE.CHIP.CHIY 
1 * ALPN.ALPW 
REWIND 9 
GO TO AOO 
5 NT A9=l 
IBCK*0 

2 WR I TE ( 6 » 1 300 ) OFF » A » X‘*'<G » X‘'L") 

SC TO 100 

3 WRITE (6.1 001) OFF. <A( I ) .1=1 .6) 

C*** CIRCULAR 0R3IT 

ISO GO TO (110.110.130.llo.il 0,130) .NOT 
US GO TO (111. 112. 113,124, 125), NTAB 
111 WR I TE ( 6, 1 1 11 ) A ( 7 ) 

12 LI NES=32 

11 READ (9) EP.T.R, VI. AZ.PTH.LAT, LONS, S.CRBL.X/'KG.XNLB.TZ.TE. CHIP. 

1 CHI Y.ALPN.ALP'' 1 
IF (EP.EC.ENDPRT)GO TO 173 
I BCK= I 3CK+ 1 
TC = ABS ( T-T Z ) 

R=R* • 0 J1 
VI=VI*.001 
DO 170 1=1.15 

170 S( I ) = S ( I )*.' , 01 

ORBL ( 1 ) =0R3L ( 1 ) *.001*V30 1 
ORBL ( 2 ) =CR5L (2)*. 00]*. 001 
DO 60C I = A , 6 

600 ORBL( I )=CRliL( I )*.0Q1 

GO TO <1110,1120, 1130, 12A0, 1250, 11). NTA3 
1110 WR I TE ( 6 ,999 ) T , TC » R , V I , AZ .PTH , LAT . LONG 
GO TC 171 

112S WR I TE ( 6 ,999 ) T , TC » ( S ( I ) , I = 1 .6 ) 

GC TC 171 

1 13u WR I TE ( 6 ,999 ) T , TC , ( S ( I ) , I =7 , 12 ) 

GO TO 171 

1 2 AO WR I T E ( 6 , 999 ) T , TC ,'XMK.G » XMLB . Cri I P , CH I Y . ALPN , ALPW 
GO TO 171 

1250 WRITE (6, 997) T , TC , ( S (I) , I = 13 , 1 5 ) 

171 L I NES=L I NES-1 
IF(LINES.EQ.O) GO TO 3 

I F ( AES ( T-TE ( NOT + 1 ) ) •GT.STE, V P*TE ( N3T + 1 ) ) GO TO 11 
173 WR I TE ( 6 ,998 ) A(7) 

172 IF(EP.EG.ENDPRT)GO TO 17A 
NTAB=NTA5+1 

IFINTAB.LE.NTULIGO TO 502 
NOT =N0T + 1 
GO TO AOO 
17A 'WR I TE ( 6 ,996 ) 

502 DO 503 1=1,1 BCK 

503 BACKSPACE 9 
IBCK=0 
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I F ( EP • EG • ENDP 
GO TO 2 

RT) RETURN 

112 

WRITE (6, 11 12) 
GO TO 12 

4(7) 

113 

WRITF(6t 1113) 
GO TO 12 

4(7) 

124 

WRITE<6*1124) 
GO TO 12 

4(7) 

125 

WR I T E ( 6 * 1 1 2 5 ) 
GO TO 12 

4(7) 

13 n 

WR!TE(6t 1131 > 

0R R L 


GO TO 172 

CS$$S$S,NOT TRANSITION 

400 DO 2400 1=1*7 
2 400 A ( I ) “BLANK 

GO TO (410*423 ,420 ) .MODE 

410 GO TO 1411. 412*413, 414. 415, 4161 .NOT 

411 DO 401 1*1,4 

401 A ( I > =T I TLE ( I ) 

407 A ( 7 ) * A ( 4 ) 

NTBL*3 
GO TO 5 

412 A ( 3 ) *T I TLE ( 5 ) 

A ( 4 ) *T I TLE ( 6 ) 

405 A(7)*TITLE( 16) 

NTBL*5 

GO TO 5 

413 DO 402 1*1.4 

A (I ) *T I TLE ( I +6 > 

402 A t I +2 ) *T I TLE ( I +2 ) 

404 NTBL-1 

GO TO 3 

414 A ( 1 ) *TI TLE< 13 ) 

A ( 2 > -T I TLE ( 14) 

A t 3 ) “T ITLE t 4 ) 

A ( 7 ) * A ( 3 1 
NTBL«3 

GO TO 5 

415 A ( 3 ) *T I TLE ( 15 ) 

A ( 4 ) *T I TLE ( 16 ) 

GO TO 405 

416 DO 403 1*1.4 
All) -TITLE* 1+6) 

403 A <1 +2 > “TITLE (1412) 

GO TO 404 

420 GO TO (411. 422, 423,411. 425, 423), NOT 

422 A(3)*TITLE(11) 

A ( 4 ) -TITLE! 12 ) 

GO TO 405 

423 DO 406 1*1,6 

406 All ) *T I TLE ( 1+6) 

60 TO 404 

425 A ( 3 ) =T I TLE ( 17 ) 

A(4)*TITLE(16) 

GO TO 405 

1000 FORMAT ( 1H1 .78X12HTABLE NUMB ER / 1X2 A6 . 2 9X6 A6 /6H BEG I N . A6 .4X7HWE IGKT* 
1E13.8.4H KGS,8X,E13.8,4H LBS//) 

1111 FORMAT ( 4X4HTI ME » 6XA6 » 5H T I ME . 5X 1HR . 6X13HINER VELOC I T Y2X9HAZ I MUTH S 
15X3HPTH5X8HLATITUDE3X9HL0:)GITUDE/5X3HSEC11X3HSEC8X2H<M10X6HKM/SEC» 
17X3HDEG8X3HDEG8X3H0EG8X3HDEG/) 

996 FORMAT (1H1) 
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